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PREFACE. 



In preparing this work, three objects have been kept principally 
in view. The first was to prepare a Text Book for my Classes 
in Geology : the second, to bring together the materials for a 
Synopsis of Geology, to be appended to my Final Report on the 
Geology of Massachusetts, now in the press : And the third was, 
to present to the public a condensed view of the present state of 
geological facts, theories, and hypotheses ; especially to those 
who have not the leisure to study very extended works on this 
subject. In its execution, the work differs from any with which 
I am acquainted, in the following particulars. 1. It is arranged 
in the form pf distinct Propositions or Principles, with Defini- 
tions and Proofs : and the Inferences follow those principles on 
which they are mainly dependent. This method was adopted, 
as it long has been in most other sciences, for the convenience of 
teaching : but it also enables one to condense the matter very 
much. 2. An attempt has been made to present the whole sub- - 
ject in its proper proportions ; viz. its fects, theories, and hy- 
potheses, with their historical and religious relations, and a sketch 
of the geology of all the countries of the globe that have been 
explored. AH geological works with which I am acquainted, 
either omit some of these subjects, or dwell very disproportion- 
ably upon some of them. 3. It is made more American than 
republications fi:om European writers, by introducing a greater 
amount of our geology. 4. It contains copious references to 
writers^ where the different points here briefly discussed, may be 
found amply treated. 5. It contains a Palaeantological Chart y 
whose object is to bring under a glance of the eye, the leading 
facts respecting organic remains. (When first prepared, I had 
supposed this method, of illustration entirely new :' but I find it 
has recently appeared in Germany.) Whether these peculiarities 
of the present work will be regarded by the public as improve- 
ments, important enough to deserve their patronage, time only 
can show. 

Type of two sizes is employed in this work. The most im- 
portant principles, facts, and proofs, are in larger typ6, to call the 
special attention of the student or reader : while many of the 
details and remarks are in smaller type. The subject U «»ki^- 
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vided into the following heads ; whose abbreviations will not 
need explanation : viz. Definition : Principle : Description : 
Inference : Remark : Proof: Details : Illustration. Where an 
inference depends upon several principles, I have added a synop- 
sis of all the proofs on which it rests. 

In European countries especially, and to a good degree in 
our own country, geology has become a popular and even fash- 
ionable study. In most of our higher Seminaries of learning, it 
is explained by at least a course of lectures. But in Institutions 
of a lower grade, it receives &r less attention than its merits de- 
serve. Why should not a science, whose facts possess a thrilling 
interest ; whose reasonings are admirably adapted for mental dis- 
cipline, and often severely task the strongest powers ; and whose 
results are many of them as grand and ennobling as those of As- 
tronomy itself; (such Astronomers as Herschel and Whewell 
being judges,*) why should not such a science be thought as es- 
sential in education as the kindred branches of Chemistry and 
Astronomy ? That all the parts of this Science are not yet as 
well settled as those of Astronomy and Chemistry, is no objection' 
to making it a branch of education, so long as every intelligent 
man must admit that its fundamental &cts and principles are 
weU established. - 



Upon the Junior Class in Amherst College, for whose use 
this Treatise is primarily intended, I would take this oppor- 
tunity of urging the importance of studying the Collections of 
Geological Specimens in the Cabinet of the Institution. For 
since rocks and organic remains form the chief data in geo- 
logical reasonings, how can the student understand those reason- 
ings, unless he examines the rocks either in the Cabinet or in the 
mountains ? And be cannot successfully study the latter, with- 
out some acquaintance with the former. The Collections in the 
College Cabinet, have been recently so much enlarged as to 
furnish the most ample means for the study of the rocks of the 
Eastern as well as the Western Continent. I would reconamend 
that the Collections be studied in the following order. 

1 . A General Collection of Rocks and Organic Hemains of 
about 900 specimens, the larger part of them American, arranged 
nearly according to the classification lidopted in this Treatise. 

* " Geology, in the magnitude and subliniity of the objects of which it 
treats, undoubtedly ranks, in the scale of the sciences, next to astrono- 
my." — Sir John HerschelL 
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2. A Collection of 600 specimens, of rocks and organic remains 
from Continental Europe. This is arranged according to the 
system of Prof. Leonhard ; and is so complete as to leave little 
to be desired as to the rocks of that part of the world. Nearly 
every variety described in geological works will be found here. 

3. Rocks and organic remaii^s from England, amounting to 325 
specimens. This is far less complete than the Collection from 
Continental Europe. (For want of room, this Collection, as well 
as about 1200 specimens of the Massachusetts rocks, are not yet 
arranged in the College Cabinet : But they are accessible in my 
private Cabinet.) 

4. Rocks and fossils from the West Indies, amounting to 225 
* specimens. This is a part of the late bequest of Prof. Hovey ; 

and is particularly rich in tertiary organic remains. 

5. Rocks of Syria, Palestine, and other parts of Asia Minor 
and Persia, amounting to 229 specimens. This is particularly 
valuable as illustrating the geology of Mount Lebanon and Anti- 
Libanus ; which belong mostly to the cretaceous formation. We 
are indebted for these specimens chiefly to Rev.Messrs. Hebard, 
Homes, Schneider, Powers, Perkins and Merrick, American 
Missionaries in Asia Minor and Persia. 

6. An Economic Collection of 300 specimens from Continental 
Europe. This is intended to exhibit specimens of all the rocks 
and minerals that are employed in the useful and ornamental arts, 
and embraces the most important ores, precious stones, coals, &c. 
and without so much knowledge of mineralogy as to be able to 
recognize these, no one ought to consider himself a geologist. 

7. Rocks, soils, and minerals of Massachusetts ; amounting to 
2700 specimens. 

8. Rocks and minerals of Connecticut ; amounting to about 
600 specimens. This is the donation of Prof. Shepard ; and> 
as well as the specimens from Massachusetts, will illustrate the 
inisensible manner in which rocks pass into one another. 

9. A Collection of 32 Specimens, illustrating the Gold For- 
mation of North Carolina. 

V 10. A Collection of 52 Specimens, illustrating the Gypsum 
Formation of Nova Scotia. 

11. A Collection of 172 Specimens, taken along a Section ex- 
tending from Boston to the Lake of the Woods. 

12. A Collection of 75 Specimens of fossil footmarks and the 
impressions of rain drops from New England and Germany. 

JBy consulting a Geological Map of Massachusetts, it will be 
seen that nearly all the principal groups of rocks, stratified and 
unstratified, except the newer secondary and tertiary, occur with- 
in a short distance of Amherst College : And the Student, who 
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means to become a geologist, must not rest satisfied till he has 
seen these in their native beds. 

Perhaps I cannot more effectually meet the wishes of a highly 
esteemed friend in a &ir distant land, than by introducing an ex-> 
tract of his letter on the importance of an acquaintance with 
. geology, by those looking forward to the missionary work : and 
some such I hope, may always be found in the classes whom I may 
be called to address. Rev. Justin Perkins, American Missionary 
in Ooromiah, in Persia, under date of Oct. 1, 1839, thus writes. 

'< Did not my missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted to 
study geology, (of which I know very little,) so wonderfully in- 
teresting, in a geological point of view, does the face of Persia 
appear to me. Indeed, I often feel that this interesting and im- 
portant science has peculiar claims on American Missionaries. 
Visiting, as they do, all portions of the world, they enjoy oppor- 
tunities of contributing to it, with almost no sacrifice of time or 
effort, which are possessed by no other class of American citizens. 
I know not that I can better atone for my own deficiency in this 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in College, the high importance of their ob- 
taining a good practical knowledge of geology and mineralogy, 
while attending your lectures, as Siey would eidiance their useful- 
ness, in future life. It is the combined light of all truth, 8ci~ 
entificj as well as religious^ which is to render so perfect and 
glorious the splendor of millenial day !" 

I will add only, that Mr. Perkins' " deficiency," of which he 
speaks, is much less than his modesty would lead us to infer : 
and to enforce his recommendation by another consideration, I 
will quote a few sentences from the letter of another American 
Missionary, on Mount Lebanon, who has charge of a seminary for 
youth, at Beyroot. Rev. Story Hebard writes thus fix)m the 
Island of Cyprus, on the 23d of April, 1840. 

" Our Seminary at Beyroot is in a flourishing condition. I 
wish very much to interest my pupils in the study of the Natural 
Sciences. They are well acquainted with our language, and are 
now sufficiently advanced to study some of these with advan- 
tage. Next fall, or winter, I wish to give them a course of lec- 
tures on mineralogy and geology." 

Amherst "College^ Mass* 
Aug. 1, 1840. 
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A GENERAL ACCOUNT OP THE CONSTITUTION AND STRUCTURE OF / 
THE EARTH, AND OF THE PRINCIPLES ON WHICH ROCKS ARE 

CLASSIFIED. 

Definition, Geology is the History of the mineral masses 
that compose the earth, and of the organic remains which 
thev contain. 

Remark 1. Some writers divide Greology into two branches : 
1. Geognosy f or Positive Geology, which embraces only the known 
facts of the science. 2. Geogony, or Speculative Geology, which 
attempts to point out the causes of those facts, and the inferences 
that result from them. See Traiti EUmentaire de Geologie par M, 
Rozet: Discours Priliminairef p. V, Also^ Diet. Classique D'Hist, 
Jfaturelle : Art. Geologie, Others make these divisions. 1. Physi- 
cal Geography. 2. Geognosy. 3. Geogony. See Elements de 
Geologie^ par J. G. Omalitis D'Halloy^ p. 1. Others embrace all 
legitimate theory under Geogony, and confine the hypothetical part 
of the subject to Geology. See Tableau des TerrainSt par Alex- 
andre Brongniart, p, 2. fiut these distinctions are of little impor- 
tance, and not much used by English and American writers. 

Remark 2. A division of geology of more practical value is the 
following : 

1. Economical Geology ^ or an account of rocks with reference to 
their pecuniary value, or immediate application to the wants of society. 

2. Scenographical Geology, or an account of rocks as they exhibit 
themselves to the eye in their general outlines : in other words, an ac- 
count of natural scenery. 

Observation. With the exception of vegetation, natural scenery is all 
produced by the rocks that constitute the surface : and the geologist 
can oflen determine the nature of rocks by the peculiarities of their 
great outlines. 

3. Scientific Geology, or the history of rocks in their relation to 
science, or philosophy. 

Def, Every part of the globe, which is not animal or vege- 
table, including water and air, is regarded as Mineral. 

Def. The term Rock, in its popular acceptation, embraces 
only the solid parts of the globe : but in geological language, 

2 



./ 9Tllt'CTl'RL OF THE EARTH. 

•»;.iJe5 also the J*.K^«e materials — the soils, clays, and gravels 
- liui cover the vi^lio parts. ^ . , ^ 

Principle. *? he lorni of the earth is that of a sphere, flat- 
toiioci at the pores, technically, an oblate spheroid. The polar 
diameter is niKOt W miles shorter than the equatorial. 

Proof 1. S>^' oroincnt of a degrree of the meridian in different lati- 
luihii. * i?. .ifVr^MWiMtcal |»luMioiu«na ; particularly the precession of the 

*^"/«'iTvw,v. Hence it is inferred that the earth must have been 
onor M! a llnid state; since it has precisely the form which a 
tluul jiioho. revolving on its axis with the same velocity as the 
c-T*> would assume. 

i -s-w. Taken as a whole^ the earth is about five times heavier 
^V.',n welter: or '2 I-- times heavier than common rocks. 

*^vv' 1 r*n*f«l obnorvalions upon the relative attracting power o 
iJ^'l'iUM iMouni»in» and the whole globe, with a zenith sector. 2. The 
^ >;Vi:J»:«jr «"rtVcl of the earth upon the heavenly bodies. 

*/'«'Vr«'»»A Wc hence learn that the density of the earth 
incroasi^ trom the surface to the center : but it doies not follow 
thM the iitture of the internal parts is different from its crust. 
Vox \\\ consequence of condensation by pressure, water at the 
depth of dC53 miles, would be as heavy as quicksilver, and air 
as heavy as water, at 34 miles in depth : while at the center, 
steel would be compressed into one fourth, and stone into one 
ci'thih of its bulk at the surface. Mrs Somervilk's Connection of 
the rhf/siral Sciences. 

VcsmP' The surface of the earth, as well beneath the ocean 
as on the dry land, is elevated into ridges and insulated peaks, 
with intervening vallies and plains. Rozct, p. 86. 

Descrip. The highest mountains are about 29000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la Beches Alanual of Geology ^ p. 2. 
Third Edition, 

Details. The height of a few of the most elevated mountains on the 
f lobe is as follows : See Encyclopedia of Geography, Vol. 3, p. 605. 
* Sorate in Upper Peru. 25,400 feet. 

Jlliinani in " do. 24,200 « 

Chimborazo, Andes 21,000 " 

Himinalayah Mountains, £. Indies 29,000 « 

Mont Blanc, Europe 15,668 " 

Ararat 17,700 « 

Pescrip. The mean depth of tlie ocean is probably between 
liro and three miles, De la Beche's Manual of Geology p. 2. 
If has been calculated from the phenomena of tides that the 
Atlantic in its middle part is above nine miles deep. Phillips Ge- 

\f. Hence it appears that the present dry land might be 
,ad over the bottom of the ocean, so that the globe should 
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be entirely covered with water. For nearly three fourths of the 
surface is at present submerged. 

Obs. It is stated in most modern geological works, that an 
extensive country around the Caspian Sea, is sunk from 200 to 
300 feet below the general level of the ocean. But recent and 
more accurate examinations have shown this statement to be 
incorrect. LyelVs Geology, Vol. 3. p, 270, first edition ; Also 
same work Vol. p, 2. p. 392. First American from 5th. London 
Edition. 

Stratification. 

Def, The rocks which compose the globe are divided into 
two great classes, the Stratified and Unstratified. 

Def. Stratification consists of the division of a rock into reg- 
ular massesSy by nearly parallel planes, occasioned by a peculiar 
mode of deposition. Strata vary in thickness from that of paper 
to many yards. 

Obs, Strata are oflen very tortuooB and sometimes quite wedge thap- 
ed. Nevertheless the fandamental idei^ of stratification is that of par- 
allelism in the layers : MaccuUoch*s Classification of Roeke, p, 100 .* als& 
Mis System of Geology ^ Vol. I. p. 67: also Greenough*s Geology, chap. 1. 

Def. The term Stratum is sometimes employed to designate 
the whole mass of a rock, while its paraJlel subdivisions are 
called beds or layers. The term bed is also employed to desig- 
nate a layer, whose shape may be more or less lenticular, or 
wedge shaped, included between the layers of a more extended 
rock ; as a bed of gypsum, a bed of coaly a bed of iron, &c. 
(n this case the bed is sometimes said to be subordinate. 

Def. When beds of different rocks alternate, they are said 
to be interstratified. 

Def. A seam is a thin layer of rock that separates the bed 
or strata of another rock : Ex.gr. a seam of coal, of limestone 
&.C. The term is also employed sometimes in this country to 
designate the interval or crack between two contiguous beds. 

Descrip. A bed or stratum is oflen divided into thin lam- 
inae, which bear the same relation to a single bed, as that 
does to the whole series of beds. This division is called the 
lamination of the bed ; and always results from a mechanical 
mode of deposition. The appearance of fissility which it gives 
to a rock, is oflen deceptive; since the layers separate with 
great difficulty. This is especially true in gneiss. 

Descrip. The lamination is sometimes parallel to the 
plan9s of stratification ; sometimes they are much inclined to 
each other ; and often it is undulating and tortuous* 
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Fig. 1, shows the difiereat kiada of I am in al ion. 




Without Lamia&e. 
With waved LamiuBe. 
^ ^s^ Finely Lam i Dated. 
Coarsely Laminated. 
!^ Obliqaely Laminated. 



r ig. 3, IS B case of very contorted lamination, in a Btratum 
of gneiss two or three feet thick, copied from a loose block in 
Colehfook, in Connecticut. ^ 




Fig. 3, exhibits a section in a bed of diluvial clay, in Deer- 
field, in Massachusetts. It will be seen that the layers of clay 
above and below those disturbed, (which are onlv thr^ f^t 
thick,) are horizontal and undiHturbed, 
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Fig. 3. 




Contorted Laminae of Clay ; Deerjleld^ Mass, 

Inf. The laminae of beds could not have been deposited 
origiuaHy in the carved position shown in the preceding figures : 
hence the flexure must have been the result of some subsequent 
operation. 

Inf. Hence the layers at some period after their deposition, 
must have been in a state so plastic that they could be bent 
without breaking. 



Origin of the varieties of Lamination, 

Causes, All the lamination of stratified rocks was un- 
doubtedly produced originally by deposition in water, and the 
varieties have resulted from modifying circumstances. I. The 
parallel laminae are the result of quiet deposition upon a level 
surface. 2. The waved lamination, in many instances, is 
nothing but ripple marks; such as are seen constantly upon the 
sand and mud at the bottom of rivers, lakes, and the ocean. In 
the secondary rocks this is too manifest to be mistaken. 3. 
The oblique lamination has generally been the result of depos- 
ition upon a steep shore, where the materials are driven over 
the edge of an inclined plane. 4. Highly contorted lamination 
has often resulted from lateral and vertical pressure, as illus- 
trated by Fig. 4. 

2* 
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OBKUN OF CONTORTED LAMINATION. 




Fig. 4. nius. If pieces of cloth of dif- 

ferent colors be placed upon a ta- 
ble c, and covered bj a weiffht, a, 
a and then lateral forces b b,l>e ap- 
plied ; while the weight will be 
somewhat raised, the cloth will 
^ be folded and contorted precisely 
like the lamins of many rocks ', 
as is shown in the figure. 

JPrin, The agency of wa- 
c ter and heat is sufficient to 

bring rocks, in nearly every known case, into that plastic state 
which is necessary to make them bend without breaking. 

Proof. 1. Water alone renders clay eminently plastic; and it imparts 
a degree of plasticity to nearly every variety of unconsolidated strata; 
80 that this^ without heat, may have prepared all such strata for the 
flexures which they exhibit. Water also renders some solid rocks quite 
flexible ; as limestones and sandstones ; and it penetrates very deep 
into the solid crust of the globe ; so that some of the flexures even in 
the solid rocks may have been produced by forces acting upon them 
when saturated wifh water. 

2. Flexures are the most abundant and extensive in the vicinity of 
rocks that have been melted. And it is admitted that all the older 
stratified rocks have been exposed more or less to the influence of heat 
from the unstratified ; and it is also true, that rocks may be heated al- 
most to the melting point without destroying their stratified and lami- 
ated structure. So that in heat, we have a cause sufficient to prepare 
rocks for any possible degree of contortion. 

Prin. Volcanic forces have operated from beneath upon 
most of the older rocks, whereby they have been bent upward. 
The weight of the ocean, of diluvium, &c., has bent them 
downward ; gravity and other agencies more local, have pro- 
duced a lateral pressure ; especially when the strata were highly 
inclined : and these various agencies will account for nearly 
every case of flexure, not only of the laminsB, but of the beds 
also. But more on this point further on. 

Descrip, In clay beds containing disseminated carbon- 
ate of lime, we frequently find nodules of argillo-calcareous 
matter, sometimes spherical, but more usually flattened. 
These are generally called Claystones, and the common im- 
pression is, that they were rounded by water. But they are un- 
questionably the result of molecular attraction. The slaty di- 
visions of the clay often extend through the concretions : and 
on splitting them open, a leaf, or a fish, or some other organic 
relic, is frequently found. In New England, however, both the 
slaty cleavage and the organic nucleus are usually wanting. 
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JFig. 5. 

Fig;. 5, will couvey an idea of the man- 
ner in whioh these co^cietion* ate sitnn- 
ted in the clsy. 

Descrip. Similar concretions abound m argillaceous iron 
ore, which is oAen disseminated in clay beds or shale. These 
nodules are usually made up of concentric coats of the ore : 
but sometimes the slaty structure of the rock contaiDmg them, , 
extends through them, and organic relics are found to form 
their nucleus. 

Fig. 6. Kepiespnta a concretion of Iiydrate of iron fl-om the tilaf 
cliffaof Guy Head in Maasachusetts. The axis consiats-of a pieM 
of lignite, and its respmblance to a pear is very atrikinf : of latbai t« a 
lar^ garden squash : for its diaoieter a moie than at -'--■--- 



Fig. 6. 







Descrip The internal parts of these c 
stone and hydrate of iron often exhibit nu 
which sometimes divide he matter into columnar masses but 
more frequently into irregular shapes When tiiese cracks are 
filled with calcareous spar as is oiten the case in calcareous 
concretions they take the name of Lvdits Hclmonltt — Turtle 
Stones, or more frequently of Septarta Prom these is prepar- 
ed in England the famous Roman Cement Fig 7 is a sec- 
tion of one of these 




Rtmart. Tram Septaria obtained In Springs 
field uiil West SpringGeld in Mamchosetta, I 
ba*e prepared a cement which will hardn in 



.ribeo 
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e the Romm Cement h«a neTeT befon 
I been prepared in this coantrjj although hj- 
draolic lime ia ter; comiDOB. 

Dacrip. Certain limestoaes called 
Oolites, are often almost ealirdj composed of concretioas 
made up of concentric layers: bat the spheres -are rarely so 
large as a pea. 

Descrip. The concretionary slniclure, however, often ex- 
ists in limestone on a very large scale, forming Epheroidal mas^ 
es not only man; feet, bat many yards in diameter. 

Divisional Structures. 

Def. Both the stratified and unslratified rocks are traversed 
by divisional planes, called jotnfi ; which divide the masses 
into determinate shapes, which are drfierenl from beds and 
their lamine. Those only which occar in the stratified rocks 
will be here noticed. 

Descrip. The most important of these joints — called mas- 
ter-joints, are more or less paralell, and so extended as to imply 
some general cause of production. 

Descrip. When these joints cross the beds obliquely, as 
they usually do, and there are two sets of tbem, they divide 
the rnck into rhomboidal masses of considerable regularity ; 
though wanting in that perfect equality in the corresponding 
angles of the prisms which is found in crystals of the same min- 
eral suhstance. 

FIgB. )j, 9, are eiampleti ! (he-firat frata the unconiolidated diluvial 
e\i.y beds ot West Springfield in Masaachiuetts, and the Utter from the 
gnetsa of Modbod in the same Stale. 

Fig. 8. Pig. 9. 



Descrip. Other divisional planes aeparale ihe rock inlo ir- 
regular rragineiits : aad sometimes tlie liasures are tilled- with 
calcareous spar, or other mineral substance. 

Chavoge. 

Fig. 10. Descrip. Some rocks are divided by a set 

of parallel planes, coincideni neither with the 
elrfltiiicauon, the lamination, nor the joints. 
These are called cleavage planes, because they 
re supposed always to result from a crystalline 
rratigemeot of the particles of the rock, super- 
iidticed after iis original deposition. 

Dcsnrip This cleavage ia most common 
11 argillaceous slate, and in many cases con- 
Isiitutes its slaty structure. Rutin many in- 
stances this structure is the result of original 
jleposition, and corresponds to, or rather con- 
■ uies, the lamination. This ia particularly 
true of the fmer slates, both argillaceous, 
micaceous, talcose and chloritic, in this conn- 
try. LijeWs Elemenls of Geology, p. 238. 

Descrip. The cleavage planes are often in- . 
dined to the planes of etratilication and lamin- 
aiion at an angle of 311" or 40° apd soraer 
limes the two planes dip in opposite direC' 
tinns. The cleavage planes are remarkable for 
their almost perfect paralellism, while the strata 
and their lamins are usually contorted. 

Fi^. 10. exbibils a sEt of cleavnge planes crDBiing 
the curved strata in the alute rocks of Wales. 




18 ORIGIN OF DIFFERENT STRUCTURES. 

Descrip, Strata and laminae may be distinguished from joints 
and cleavage, 1. By the alternation of different materials in the 
former . 2. By a difference of organic remains in the succes- 
sive layers. 3. By ripple marks and tortuosities. 4. By a dif- 
ference in color of successive portions of the rock. 

Descrip, Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jointed structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage. 2. The portion of rocks 
included between two joints is not capable of a subdivision by 
parallel planes : but in cleavage the subdivision may be carried 
oh to an extreme degree of fineness. 

Origin of the different Structures in the Stratified Rocks. 

First Cause : Original deposition from water. This will ex- 
plain all the phenomena of stratification and lamination. 

Second Cause. Desiccation. By contracting the mass of the 
rock it is compelled to separate into fragments : but this can 
explain only some of the more irregular divisional structures, 
such as those of septaria and iron stone 

Third Cause, A mechanical force acting beneath, by which 
fissures are produced, either parallel or radiating from a centre, 
or without symmetry in their direction. This may explain some 
varieties of joints. 

Fourth Cause. Heat. This must be supposed intense 
enough to give so much of mobility to the particles that they 
can obey molecular attraction, and assume a partially crystalline 
form. In this way, probably nearly every case of cleavage was 
produced, and many cases of a jointed structure. 

Fifth Cause. Water. If by this agent the particles can be 
made to move among one another — as they will do even by par- 
tial diffusion — they can then assume a ccystalline arrangement, 
as in the case of heat. And the example of distinct joints, 
which I have given in Figs. 8 and 9, occurring in unconsolida- 
ted horizontal clay beds, seems to require such a cause as this 
for its explanation ; although I have seen no similar case des- 
cribed by writers on geology. But in West Springfield and 
Deerfield in Massachusetts, these joints are very numerous and 
distinct ; occuriing, however, in only a few of the layers of clay, 
while those above and below are unaffected. This clay has 
certainly never been subjected to any great degree of heat, 
mag of diluvial, or perhaps even of alluvial origin. 
ymdhCame, Galvanic Electricity. The recent experiments 
jP Mr, Fox show that cla^ subjected to a long continued vol- 
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•^. V.-NK* >i^ijij»i#^ t«intii«t<Nl, 80 as to resemble clay slate in 
;.s v.. -s-s.-^ V*f t iw^^btbljr an electric agency is essential in 
,usv. o^w* ^W<^* i^^t •»<* water seem to produce the effect; 
^^, .1,^ ,v^«j^ Uth^r oaniM^a operate chiefly by exalting the elec- 
r->-M y^% )^i^ *^^»w« mobility to the particles 



V ••%•'••< iv^ il^^ «iiMouU •ubjoct of the structure of rocks, I have 




l^1^^«S!M^!\ Wl>Mi^ it i* |if»rfoctcd. Yet muchhas been done. 

IV:wti>. Tlio uiiMtratified rocks occur in four modes. 1. as 
^rri>tiiOAr mai«rK beneath the stratified rocks. 2. as veins cros- 
mntf t^^^^ ^'^^ Mtrntificd and unstratified rocks. 3. as beds or 
^ni^tf^tUr mawH^M thrust in between the strata. 4. as overlying 
MA««^vi All tlioiie modes are shown in Fig. 12. 

Kv«« Vh^ |tUitnoniena of veins, being very important, require a more 
^tA«W4 «»\iOiiH«tion. 

I\f\ \p\\\* are of two kinds : 1. Those of segregation : % 
i'bW of iiljrotion. The former appear to have been separated 
tixMt\ tb0 It^noral mass of the rock by elective affinity, when it 
WM M\ a \\\\\i\ titnte ; and consequently they are of the same age 
A« iho rook. Hence they are ofleu called contemporaneous 

lfK.« Kitf. 13, represents a bowlder of granitic gneiss in Lowell, 
4^W\Ul t^vo t^t^t long traversed by several veins of segregation, whose 
v>^Hi|««^IMoii difTors not greatly from that of the rock, except in being 
isAl^Wt Atid morn distinctly granitic. Where veins of this description^ 
\^\>M« OHO Rnoth(>r, th(>y coalesce so that one does not cut off the other. 
Vl\«^*^t<i^*^<^ of the gncrasnear Merrimack river in Middlesex County is 
^tVh «^ov(^rc«d with reticulations produced by veins of this description. 

Fig. 13. 




y^ing qf Segregation and Oneits: LoweU. 
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Obs, QnutiTeina tveDfUKlly Telni oTmrng^ion. But I have seen 
■nine orUiia deicriplion in Muaocliautt* aToot qi (note in fridth, per- 
fectly straight and continuDua, lor«grealdi«taiice tbiough talcoae alal«, 
tbat are with difficulty referable to auch an origin. 

DeJ. The second clasa were once open fissures, which st a 
subsequent period, were filled by injected mailer. 

Vescrip, Veins of segregation are frequenll; insulated in the 
containing rock ; they pass at their edges by insensible grada- 
tion iuto that rock ; are not separated by a fissure and are 
sometimes tubercular or even nodular. 

Dfscrip. Injected veins can often be traced to a large mass 
of similar rock, from which, as they proceed, they often ramify 
and become exceedingly fine, until they are lost. Usually, es- 
pecially iu the oldest rocks, they are chemically united to the 
walls of Che containing rock ; but large trap veins h^re often 
very little adhesion to the sides. 

Pie. 14 exhibits granite veins protrndlng from a large mui of granite 
into nornbleade ilale in Cornwall. 

Fig. 14. 




Granite vtintmHornitttdetlale, ConueaU, Eng. 

Def. The large veins that are filled with trap rock or re- 
cent lava, are usually called dykes. These differ from true _ 
veins, also, in rarely sending on branches. 

Inference. It is hence inferred, either that the matter of 
dykes was less fluid, because less hot, than granite, or that the 
rocks through which veins pass, had a higher temperature than 
those into which dykes werS injected : so that the latter sooner 
cooled the fluid matter than the former. Hence, when the 
small lateral fissures were produced, as they probably usually 
were by the heat of the injected matter, the granite flowed into 
them, while the trap had become too hard. 



Deserip. Trap djkea are soroetimea several jcrds wide, nd 
extend 60 or 70 milee ; aa id England and Ireland. 

Deurip Djkea and veias frequently crocs one another ; 
and in sucfa a case, the one that is cut off is regarded as the 
oldest. 

■ Rem. UndonbUdl; tliti role, in genertl, can be depended on fur de- 
termining ihe reUtire age of injected reini. Yet it ia emay to conceiTO 
how a rein of conaidertble liie miglit be fitted with mstter not rery 
fluid, without filling all the Uteril finniet ; and (bonld these be labee- 
<(ueDtly fiUifd irith mare perfectly fluid mailer, thcj wonld appear to be 
cut off by Ihe larger vein ; and Itence, bj Ihe rale, be regarded u Iha 
oldeit, allboiigh in fact more recent. 

Prin. By this rule it may be ahown that granite has been 
erupted St not less tban four different epochs. 

Rtm. I do not find an; Eampeaa wiitei deicribing more tban threa 
epoch* of the eruption of granite. MmecMock's SytUm of Geology 
Vel.\,p.lZl. 




OruuU Ftimt in Ortniu, VTuUIiikvCvil 



e cat oS* bj the graniti 



Blvt. Fig. 15, rep. 
retenu a bowlder of 
graniteinWeathamp 
ton, Maaa. whose 
baae was tbe pro- 
duct of the earliest 
epoch of eruption. . 
Ttiis is traversed by 
the granite vein a, 
a, a, whinb was in- 
jected at a second 
epoch j 1, ia a gran- 
ite vein cutting a, 
and therefore pro- 



iodd, 



Prin. By the same rule can l>e prored succeasive eruptions 
or the trap rocks. 

Illia. Fig. 16, ahowB several interesting veins in sienile )n the 
north part of Cobasset, Mass. Ho. 1, is the luaii or aienitc : No. S, a 

ri of porphyry, 10 feet wide : Ko. 3, are dykes of eommoo green- 
e, the largest 30 feet Wide : Ro. t, dykes of common greenstone, 6, 
6 and 8 feet- wide. Here then w« have four successive epochs of etup- 
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Fig. 16. 




Dyka in Simile : Coluutet, Mutt. 
Via. 17, ezhibiU vein* In metsmorphic guem 

-•- "--- ""-tgae " — 

,dfk. 

. Tl 

h displaced. 

Fig. 17. 



■01 than ID B«*- 
erlj^Mu*. TheeneiuiBalinostconvertediDtoBiemte. No.l, i( a vein of 
mnite. No. 2, dykea of eommoa greenitone. No. 3, dyke; of porphy- 
rrtic greeiMtone. These lul are obrioiuly the oldest ; and one of Uieta 




Dyket in ittUtmorphie Cntiti ; Btvtrly, Matt. 
Deserip. _ In one remarkable example of veins of differ- 
eat kinds, I have been able to trace eltven epochs of the erup- 
tion of unstratiGed rocks. i^StepUUe S.) 



24 DTKB8 IN BALBK. 

lUus, This case is in the city of Salem, Mass. near the entrance of 
the bridge leading to Beverlj on the west side. The basis rock, No. 
1, is sienitic greenstone. The oldest vein, or djke, ^2) is greenstone, a 
few inches wide. Nos. 3 and 4, arc veins of reddish granite, — nearly 
all feldspar, which cut across the greenstone dyke No. 2. These are 
very numerous; much more so than is shown upon the drawing; and 
of verv irregular width — often branching out into strings a mere line in 
breadth. They belong to at least two epochs of eruption : for some of 
them are cut off by the others and probably still more eruptive epochs 
might be traced among them : But they are so complicated that I 
have not been able to do it. No. 5, is a dyke of greenstone, which cuts 
off 8 and 4 No, 6, which is 40 inches wide, is porphyritic greenstone 
and cuts off No. 5. A small dyke and nearly parallel, appears to be of 
the same age. No. 7 is porphyritic greenstone cutting off No. 6. 
No. 8, (of which there are two running nearly parallel,) intersects 
Nos. 5 and 7, and is granite or feldspar. No. 9, consists of two lu|g6 
dykes of greenstone, which cut off all the others that have been describ- 
ed, except No. 8; and perhaps this also : but the intersection i^s covered 
by soil. No 10, of which there are small veins near the bottom of the 
sKetch, and near the top, and is of the same kind of granite as Nos. 
3 and 4, intersects nearly all the preceding veins Finally, No. 11, 
consists of the same kind of granite veins, a mere line in width, run- 
ning diagonally across the sketch. The whole space represented, is 36 
by 27 feet, and the lower part of it is covered by the ocean at high tide, 
and the upper surface by soil. 

I have spent a good deal of time in examining this complicated and 
very interesting net work of veins and dykes ; and I cannot see why 
we have not evidence here, of the extraordinary fact — unique so far as 
I know — of eleven successive eruptions of granite and trap rock. Or 
if we regard the basis rock as metamorphic — that is, formed by the fu 
sion of gneiss, — and it may be so, — still, we have ten subsequent in- 
jections ! 

Descrip. Veins and dykes usually cross the strata at various 
angles of obliquity. But not unfrequently for a part of their 
course they have been intruded between the strata ; and hence 
have been mistaken for beds, and have given rise to the dis- 
cussion whether granite was not stratified. 

Descrip, Dykes are usually nearly straight ; but granite 
veins are sometimes very tortuous. 

lUus, Fig. 19, shows two sn^all but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Mass. If these are in- 
jected veins, as they appear to be,i( ip extremely difficult to account for 
their tortuosity. 





nreioftheilate. It 
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■ aaperinduced ; though 



OriMtU Vtitu m micacanu Itnotoin Colraat, Malt. 
Fi£ SO 

Fig. 90, reptewnta 
■i gruiite vein oiiIt 
one eighth of ui inch 
> thick, conforming to 
!|tbe ileinres of mica 
^ilnte Id ConwBj, Ms. 
_^^ Perhap* this may be 
^^^^^ir * segregated vein. 
Fig 81, (»eo neit paeo) ib- 
Chester.Hau whith diea b 
IS potubia, however that it mo,/ correspond h 
deposition, and that the present slatj> structure 
I have strong reasons lo think that this is not I 

Deitrip. In modern volcanoes the lava is ejected from cir- 
cular vents, called craters. Bat the older unstratilied rocks, 
although evidently of volcanic origin, appear to have been prtv 
truded along extended fissures, either scross the strata, or in 
the same direction as their strike. It is possible, however, that 
craters did once exist, but have been swept away by powerful 
denudation of the surface. 

E-xaiAple. A range of greenstone eoannences at New Haven in Coa- 
uecticut, and runs disgonally across the tbIIc; of the Connecticut, 
until it terminates in Hampshire County in Hassachnselts. It must be 
7U or 80 miles in length, sad one or two in breadth, and it conforms to 
the strike of the sandstone. 

Descrip. The unslrstitied rocks, especially wben exposed to 
the weather, are usually divided into irregular fragments by 
fissures in various directions. 

Descrip. Sometimes, however, these rocka have a concret- 
' ed Giruclure on a large scale ; that is, they are composed 
of concreted layers whose curvature is someltroes so slight, 
Ih^ tbej are mistaken for strata. 
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Fig. 21. 




guishefl from a 



> of this lort can be diitla 
■t b; tbe 

I through the whole rock. Becoodly, b; 
the wB.nt or ■ laminar or slatj atructore 
in the paralell maiaea. 

Ezam. A fioe eximple of this coaciet- 
ed Btructare occora U one of the 
quarries in lienite near Stuidj Bay on 
Cape Ann. Another occars in granite, at 
llie grau'tla qaarry in the hill east of tha 
filiate of Worceiter. Aootfaet in the 
trap rock «t Nahant. 

Dff. An inlerOBting variety of 
joinied itruclure in nme of the un- 
stralified rocks ie the prismstic or 
columiiHr, by which large masses of 
, rocks are divided into regular forms, 
from a few inches to several feet in 
diameter; but with ao ^aces be- 
tween them. 

Ob). This cnrioni phenomenon will be 
more particolartj deacribed in • anbae- 
quent section. 

Descrip. The layers of the strat- 
ified rocka are sometimes horizon- 
tal ; but mors frequently ibey are 
lilted up so as to dip beneath tbe 
horizon at every possible angle. 

J)ef. The angle which Hie sur- 
face of a stratum makes with tbe 
'plniie of the horizon is called its 
'.inctinnlion or dtp; and the direc- 
|tion of its upturned edge is called 
!" striJcc or bearing . 

Obs. or course horizontal atrita have 
itrike nor dip. The eipoaure 
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la called in Iho 
mit-eriip, or 



Dtscrip. As B general fact the 
lewer or higher rocks are less in- 
liucd than uiose below. The high- 
are usually horizontal ,- while the 
Ie9t Bte oHen perpendicular. 
Iha. This admita of too many ezcep- 
na to be employed aa a meana for de- 
.^. mining the age of rocka. Thtu, a 
Icoosiderable part of tba gaeiaa rodis of 
England (uauall; tlia oldeatoftha 



UNSTRATIFIED ROCKS. 27 

atratified rocks,) has a less dip thaa the sandstones, or even than some 
of the tertiary rocks of the same region. 

Descrip, The instrument employed for ascertaining the dip 
of a stratum, is called a Clinometer. Every geologist, however, 
ought to be able to determine the dip with sufficient accuracy 
for most purposes by the eye. A good pocket compass will an- 
swer for finding the strike. 

Des, Unstratified rocks do not probably occupy one tenth 
part of the earth's surface. 

Descrip. In Great Britain, says Dr. Macculloch, ''they do not cover 
a thousandth part of the superficies of the island." In Massachusetts, 
they occupy nearly a quarter of the surface. | 

Prin. These rocks, however, we have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to 
the center ; over which the stratified rocks are spread with very 
unequal thickness, ^nd in many places are entirely wanting. 

Explanation, Fig. 12. will convey a better idea than language of the 
relative situation of the two classes of rocks. The different croups of 
stratified rocks, viz. Alluvium, Diluvium, Tertiary, Secondary and 
Primary, are here shown resting upon one another, and apon granite 
beneath. This granite also, is shown protruding to the surface ; and 
upon its sides lie the stratified rocks highly inclined : veins of sienite, 
prophyry, trap, serpentine and lava, are also shown protruding through 
the granite, and coming from beneath it; as they must do, because they 
have been erupted since the granite. Veins of sienitic granite of a 
posterior date are likewise shown, penetrating the stratified rocks to the 
top of the secondary strata, which is the most recent granite yet discov- 
ered. The sienites and prophyry rise no higher than the top of the 
secondary : but the trap rises to the top of the tertiary ; and finally, 
modern lava overspreads alluvium. The stratified rocks are represent- 
ed as inclined at different angles ; the lowest being the most tilted up. 
Although, therefore, this is not a section of any particular portion of 
the earth's crust, yet it will give a correct idea of the relative situation 
•f the groups both of stratified and unstratified rocks. For a much 
larger and more detailed section of this sort, see Buckland's Bridgwater 
Treatise, Plate 1. 

Formations, 

Remark. It is not possible in geology as in other departments of nat- 
ural history, to describe species with definite and invariable characters ; 
because each rock is found to be made up of varieties, oflen yery nu- 
merous, which insensibly graduate into one another ; as do also the 
rocks themselves in many instances. In botany, mineralogy and zoolo- 
gy, species are aeparated by definite lines, and never do thus pass into 
one another. If, therefore, we employ in geology the same exactness 
of specific description as in these sciences, we shall impose on nature 
a logical precision which will not fit her in this department of her works. 
Another method must, therefore, adopted. See MaocuUoch's Geological 
Classifieation of Rooks , Chap. 1. 

Def. Each rock, in its most extended sense, consists of sev- 
eral varieties, agreeing together in certain general characters, 
and occupying such, a relative situatioii with respect to one an- 
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ocher, as to show that all of them were formed under similar 
circumstances, and during the same geological period. Such 
a group constitutes a Formation. Ex. gr. Grajwacke Forma- 
tion, Gneiss Formation &c. 

Def. This term often embraces several distinct rocks, when 
there is reason to suppose them the result of the same geologi- 
cal period. 

Fig. ^. will give an idea of the English Liaa Formation lying be- 
tweea the Oolite formation above, and the red sandatone formation be- 
neath. 

Fig. 22. 



Upper lias shales, 



Lias formatiiMi.. 




d — " ^«-^ ^r ^- r*^ Maristooe, 

Middle lias shales. 



lias limestones. 
Lower lias shales. 




Def. The English word gromp^ and the French Terrain, are 
nearly sjnonooKMis with formation. The term series is also 
▼erj convenient in description. 

Def. When the planes of stratification are parallel to one 
another in difl^rent format ions, the stratification is said to be 
conformable : when not parallel it is unconformable. 

Descrip. The stratification in different formations is usually 
unconformable, as Is shown in the position of the secondary 
^nd primarj formations in Fig. 12. 

Imf It is heno« inferred that the stratified rocks were elevated 
^t didR»r«nt epooba : in other words, those formations which are 
^He most highly inclined, must have been partially elevated be- 
A>r« the others were deposited upon them. 

Ars^tcrt|k Theee numerous elevations of the strata have pro- 
duciHl in them a mat variety of cracks, fissures, and slides. 

i\t\ ^'hum the continuity of the strata is interrupted by a 
'^^'(^re^ 90 that the same stratum is higher on one side than on 
^^ oiher» or has been slidden laterally, that fissure is called a 
'•''^ or « t r m k k m ^>--4i d^Ar, &c : as a, b, c, d, Fig. 




Ran. A fault is generally filled with fragments of rock, els;, dec. li 
d. It often ooeuiona great tronble in the working of mines because 
when it ii reached it is impossible to decide whether the continuation 
of the mioeial aought is ahovs oi below the level, or to the risbt or 
left. 

Def. If the fissure is open and of considerable width, gnd is 
BUGceeiled at each extremity by a wider Talley, it is called a 
gorge, aa c. 

Dtf. If it be still wider, with the aides slopiag or rounded at 
the bottom, a valley is produced ; as d. 

Prin. Id a similar way most of the vallies of primitive couo- 
tries, were formed. 

Oef. The line forming the top of a mountain ridge, or rtin- 
ning through a valley, along which the strata dip io opposite di- 
rections, ia called an anticlinal line, or anticlinal a%is : as at a, 
Fi,.34,.„di,Fig.a5. ^^^^ 



Dtf. When (he strata dip towards this line on each 'side of 
it, it is called a synclinal line, or axis, aa at b. Fig. 24. 
Fig. 25. 




J>ef. When the strata dip from any point in all directions 
outwards, (as ground the crater of a volcano,) the dip is said to 
bs quaqvaversal. 
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Classification of Rocks, 

Remark. Numerous attempts have been made to classify the rocks. 
But none of the arrangements hitherto proposed, possess so decided a 
superiority over the others as to be adopted in every particular. 

In the present state of the subject, all that can be done is to give the 
outlines of the most important systems of classification, leaving the 
reader to take his choice among them. I shall first describe some of 
the larger groups of rocks, which have long been admitted by roost ge- 
ologists to exist in nature. The names by which they are designated 
are indeed objectionable, because they were originally founded upon 
uncertain hypothesis : and many excellent writers have entirely exclu- 
ded them from their works. But as they still continue to be employ- 
ed by most geologists, and as they now can hardly mislead even a tyro 
in the science, and are moreover founded in nature, I shall retain the 
most of them in the following familiar description of the earth's crust. 

Descrip. If we suppose ourselves placed in a meadow which 
has resulted from the successive deposites of annual floods, and 
begin a perpendicular excavation into the earth, we shall pass 
through the different classes of ropks in the following order. 

Def. For a few feet only — rarely as many as 100, we shall 
pass through layers of loam, sand, and fine gravel, arranged in 
nearly horizontal beds. This deposite, from an existing river, 
is denominated Alluvium. 

Def, All deposites from causes now in action, which have 
taken place since the present order of things commenced on 
the globe, are usually regarded as alluvial. 

Def. The second formation which we shall penetrate, is 
composed of coarse sand and gravel, with fine sand and even 
sometimes clay, containing, however, large rounded masses of 
rock called Bowlders ; the whole mixed together, yet often dis- 
tinctly, and horizontally stratified. This formation, evidently 
the result of powerful currents of water, is called Drift or 
Diluvium. It is distinguished from alluvium, first by its in- 
ferior position ; secondly, by the marks of a more powerful 
aqueous agency ; and thirdly, by extending over regions where 
no existing streams Or other causes now in action could have 
produced it. 

Obs. Some geological writers do not admit the existence of Diluvi- 
um as a distinct formation, but include it all in the formations above or 
beneath. See LyeWs Principles of Geology, passim. 

Def. The third series of strata which we penetrate in des- 
cending into the earth, is composed of layers of clay, sand, 
gravel, and marl, with occasional quartzo&e and calcareous beds 
more or less consolidated ; all of which were deposited in wa- 
ters comparatively quiet and, in separate basins. They also 
contain many peculiar organic remains, and sometimes dip at 9 
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small angle, though usually Ihey are horizontal. These strata 

are called Tertiary, 

Obs. It is only a few years since all the formations above described 
were regarded as alluvium. 

Def» The formations which we penetrate after passing 
through the tertiary, are composed for the most part of solid 
rocks. They are, however, mostly made up of sand, clay, and 
pebbles, bound together by some sort of cement. With these 
are interstratified many varieties of limestone ; and throughout 
the whole series is found a great variety of the remains of ani- 
mals and plants, very different from those in the tertiary strata. 
These groups of rocks sometimes lie horizontal ; but are usually 
more or less elevated, so as to make them dip at various angles. 
They are called Secondary Rocks, 

Obs. It will be seen that all the fossiliferoas rocks below the tertiary 
are here included in the secondary class. Many geologists, even to the 
present time, have separated some of the lower groups Into a class 
named Transition, because they appear as if prodiiced when the earth 
was in a transition state from desolation to a habitable condition, and 
have a texture partly mechanical and partly chemical. I do not attempt 
to define such a class, because I cannot fix upon any characters by 
which it can be distinguished from the secohday strata. 

Def, The stratified rocks below the secondary, are distin- 
guished by the absence of organic remains, by having a struc-* 
ture more or less crystalline, and by being more highly inclined. 
They are called Primary Rocks, 

Remark. D*Halloy, Dr. Macculloch, Prof. Phillips, and some 
others include some of the fosiliferous rocks — as clay slate, and gray- 
wacke, in the Primary Class, as may be seen on the Tabular View 
near the end of this Section. 

Descrip, Immediately beneath* the primary stratified rocks, 
we find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a comparatively thin crust, are made up 
of junstratified rocks : at least to a very great depth. 

Descrip, Among the primary rocks there is no settled order 
of superposition. ^Perhaps 'gneiss most commonly lies imme- 
diately above granite ; but the other members of the series are 
frequently found also in the same position. 

Descrip, Among the fossiliferous rocks there^ exists an in- 
variable order of superposition. 

Exception, I. In a few cases internal forces have not merely 
lifted upon their edges, but actually overturned strata of con- 
siderable thickness. The section in Fig. 24, was taken in the 
Alps, and exhibits a case of this kind. G, is gneiss, L, L, 
limestone, C, conglomerate, locally called Naglefluh. Now 
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the limestone is really an older rock than the conglotuerate ; 
and yet it lies above the conglomerate, because the whole ae- 
ries has been tossed over, so as to bring the newer rock be- 
neath the older. 

Fig. 26. 

Exeep. 2. If I mistake not, a 
similar case occurs along the 
western borders of New England, 
and the eastern part of New York ; 
and according lo Prof. H.D.Rogers, 
a and Prof. W.Rogers, the examples 
of ocerturned strata are among the 
most common geological phenome- 
na of Pennsylvania and Virginia. 
A B Fig. 26, is a section exten- 
ding westerly from the topofHooaic 
Mountain, a, across the Taconic 
range d, (where runs the west line 
of Sf assachusells,) a few miles into 
New York. At a, the mica sL te, 
2000 feet high, is in nearly per- 
pendicular strata On the western 
Bide we find gneiss 6, (aa in Washing- 
Ion,) succeeded by quartz rock, 
and this by limestone, c, whose 
strata are usually much less in- 
clined, across llie valley of Berk- 
shire Ttie mica and ta I cose slates 
of the Taconic range d, dip under 
the white limestone At the west- 
ern base of this range, we have a 
btueieh nearly compact limestone 
at e, succeeded by argillac^ua 
slate at^; and this by graywacke, A, 
which sometimes becomes a con- 
glomerate and sometimes a fiiia 
slate; but all of these different 
rocks appear to dip under the old- 
: and Hoosic ranges; and this same 
dip continues to Hudson river. Although this disturbance 
must have been on a vast scale, I think it the most reasonable 
explanation of the facta, to suppose that all the strata west of 
Hoosic mouniain have been thrown over, so as to bring the 
newer rocks beneath the older ones. 
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STRATA INVERT ED. *» 

Desrrip. In some ini>tnncps ihe sirnta Imve been folded lo- 
gethcr on a vast sciile, and in such a tnntiner as to bring some 
of tbe oetver rocks beneath the older. Fig. 37 is a seclion of 
Fill 37 

*' ' this character. Origin- 

ally the slrjita were orob- 
ahly folded, us is shown 
by the curved lines p^ivt- 
ing from I to 1. 2 to 2, 
and 90 no. ' But rheir up. 
per parts have been de- 
iinded, so that tbe preo- ' 
ent snrfice is a, a. The 
_ ^ oldest strata are now 

FoldtdAxis. foind to be 6, 6; and 

they correapoiid outward on each aide of llieee ; as 5, 5 ; 4, 4 ; 
&c. Such on example as this has been called a fiitdrd oxii. 

Descrip. Someiimen the Mrata, afier descending in this itf 
verted manner from 1000 to 1590 feel, cnrve in such a direc- 
tion as to bring them into their proper position : as is shown 
in Fig. 28, 
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C:trved Strata in the ^Ipa. 

Descrip. One or more rocks are frequently wanting 
secondary series, which brings ihoae of very dilTereni a 
contact : but the order of arrangement is never thereby die> 
lurbed. 

Eiamplft. Thii9 in Fig 2n,nn the Ipft side of the cntrnl ms» of 
granite (A,) we have the primary, (B,) ucondnry, (C.) and tertiuy, 
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'D,) in regular order: Bui on the olher ilde, tbr Becondary ii want' 
ng, and the tertiary, D, lies directly upon the primarj, t, na well 
19 upon the giuijte, while s deposite of diluvium, E, comes in contact 
vith Btl. 



Fig. 29. 




Other Systems of Classijication. 

Deaerip. Dr. Maoculloch divides ihealrata into four principal clM«e«. 
His Alluvial Class embrSces Alluvium and Diluvium: His Tertiary 
Class is the same aa that already described: bis Secondary Clasa 
extends no further downward than to the bottom of the Old Red 
Sandstone; and the remainder of the fossiliferoni rocks, with the 
stratified non-fossiliferous ones constilutes his Primary Class. He 
also distributes Ibe unslratified roclis through the two latter classes, 
and adds a fifth, oi the Volcanic Class. Reckoning the slratiSed and 
unstratified rocks together, he divides the whole into ten groups, 
which he also denominates Classes, by the designation Protolith, 
Deutalitk, &a. This latter arrangement he denominates the JVataral 
System, and the former the Arlijiciai S-jatem. MaccuUock'a Systtn of 
Geology Vol. 2. p. 7B. 

Descrip. In ProfetBor Conybeare's Arrangement, Alluvium, Diluvi- 
um, and the Tertiary strata, are called the Superior Order .■ the rocks 
from (he cbalk lo the coal measures, form his Sapermedial Order : the 
coal measures, Carboniferous Limestone, and old Red Sandstone, form 
his Medial Order: the remainine FoBsiliferuUB rocks constitute bis 
Sabmedial Order .- and the stratified primary groups his Inferior Order. 
The unstratified rocks nre rtistribated among the stratified, according to 
their supposed age. This system has the tneritof being both simple and 
free from all hypolhelical allusions. See Conybeare and Phitip't GuAogV 
of England and Wales, Vol. i. 

Descriv. De la Beche divides all rocks into two groat classes, the 
Stratified and Unttratified. The latter he treats as a single family : the 
former he sabdivides into ten groups. The first is called the Modem 
Group, and corresponds to alluvium : the second is the Erratic Block 
Group, Borresponding to Diluvium: the third the Supercretaeeous 
Grou;!, embracing the tertiary strata : the fourth , the CrMdceous Grovp ; 
including only the chalk and some associated BiraU : the fiflh, tlie 
Oolitic Group, comprehending the Oolite and the Lias : the sixth the 
lied Sandstone Group, or the New Red Sandstone ; the seventh, the 
Carboniferous Gro„p, conUining the coal meaeuies, carboniferous 
limestone, and the old red sandstone: thr eighth, the Grayviacke Group, 
or the Graywacke formation : the ninth the Lowest FossUiferoui Group, 
or fossil iferoua slates lying belovr the graywacke : and the tenth the pri- 
mary stratified non-fossiliferous rocks. This arrangement is alio ex- 
ceedingly natural and satisfactory. See De la Bechc' 3 Manual ofGeola- 
g'Jip. 36. Otird edition. 
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Descrip. LyelKs first class embraces only alluvium, and is called Recent: 
the second class contains and is named the Tertiary : diluvium being 
included in the upper part, or Jfewer Pliocene strata : the third class he 
denominates Secondary, which extends to the bottom of the old Red sand- 
stone : next succeeds his Primary fossiliferous Class, which includes all 
the remaining fossiliferous rocks. His Metamorpkie Rocks embrace all 
the stratified non-fossiliferous groups. The unstratified rocks are dis- 
tributed through these several classes ; and he has likewise made a 
division of those unstratified rocks, that exist below the stratified ones, 
into Primary Plutonic, Secondary Plvionic, Tertiary Plutonic, and Re- 
cent Plutonic, reckoning in a descending order. LyelVs Principles of 
Geology Vol. 2, p, 504. ^Iso his Elements of Geology, p, 279. 

Descrip. Omalius d'Halloy, a French Geologist, in 1831, proposed 
the following system of arrangement. He first divides all rocks into 
Jfeptunian, or the stratified, and the Plutonian, or unstratified : then 
under his first class, or Modem Formation, he places alluvium ; under 
tertiary formations he puts diluvium and the tertiary strata : under 
Jimmonean Formations, he includes the subjacent rocks as far as the 
coal measures ; and under Hemilysian Formations, all the remaining 
stratified rocks. The unstratified oi^s he divides into two classes ; 
the first embracing granite and porphyry, is called Agalysian ; the 
second, embracing basalt, trachyte and lava, is called Pyroidal. His 
three first classes he also denominates Secondary ; and tne remaining 
class of stratified rocks, with the first division of the unstratified^ 
Primordial. Elements de Geologie, par J.J, D' Omalius D'HaUoy^ 
Paris, 1831. 

Descrip. Prof. Alexander Brongniart, another distinguished French 
geologist, in 1829, proposed to embrace all the rocks under the Jovian 
Period, 6t the existing era; and the Saturnian Period, or the 
era preceeding the last revolution of the globe. His first period 
embraces only alluvium ; which he divides into the Alluvial, Lysian, 
and Pyrogeneous Formations. His second period embraces first the 
Stratified or Jfeptunian Formations, and secondly the Alassive or Ty- 
phonian Formutions-. The first of these is divided into the Clysmian 
Formations, or diluvium ; the Izemian Formations, or the tertiary strata | 
and the secondary as far down as the Mountain Lime^toi&e } HtmH" 
ysian Formations, embracing all the remaining fossiliferoqs strata; and 
the Agalysian Formations, which include all the primary ptratified 
rocks. His Typhonian class he divides into the f*tii$onian, and Vul- 
cauian formations. Tt^leau des Terrains, ^. par. Pfof. At, Brongr\ 
mart Paris, 1829^ 

. Descrip. Rozet, another French author, in 1835, divided all rocks into, 
two great Series, the first embracing the stratified and the second the 
unstratified rocks. His first series he divides into six geognostic epochs, 
the first embracing alluvium, the second diluvium, the third the tertia- 
ry strata, the fourth the subjacent rocks as deep as the coal measures, 
the fifth the remaining fossiliferous rocks, and the sij^th the i|on fossil- 
iferous stratified rocks. Traite Elementaire de Geojlogie^ par M. Rozet, 
Paris, 1835. 

; Descrip. Dr. Mantell proposies a chronological Arrangement of the 
rocks. His two great classes are the Fossiliferous Strata, and the Meta* 
marphic Rocks : the latter embracing the unstratified rocks as well as 
the stratified primary. Under Modern and Ancient Alluvium, he 
places Alluvium and Diluvium. Nej|t come the Tertiary Stra- 
ta: then, as the first group of the Secondary Formations, the Chalk 
orjCretaceous ^y^tem The second group . is the Wealden : the third, 
tl^e Qolite ; |)ie fourth the Idas : the fifth the Saliferous StnJsk x nXs^ 
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sixth the Carboniferous System , or Coal : the seventh the Siturian 
Sifstem J or upper memben of the Grajwacke series; and the eigiitb 
the Cambrian or Graywacke system. His metamorphic rocks compre- 
hend three groups : ]. Mica Schist. 2. Gneiss. 3. Granite. MuntdVs 
Wonders of Geology^ Vol. 1. jt. 178, lAtntlon^ 1838. 

Dcs. Professor John Phillips divides all rocks into the stratified and 
unstratified : and then like De la Beche, and Dr. fiuckland, he does not 
attempt to distribute the latter among the former, but treats of each 
class separately. The stratified class he thns subdivides Alluvium and 
diluvium are placed under Superficial ^cewmuiationSj and denominated, 
Mluvial Depositions^ and Diluvial Depositions. The Tertiary strata be 
divides into the Crag, Freshwater Marls, and London Clay. The Sec* 
ondary strata, which extend to the bottom of the Old Red Sandstone, 
he subdivides into the Cretaceous System, the Oolitic System, the Salifer-' 
cus or Red Sandstone System, and the Carboniferous System. Next 
succeed his Frimary Strata, which embrace the Silurian SysteMf 
the Cambrian or Graywacke System, the Skiddatn or Clay Slate System^ 
the Mica Schist System, and the Gneiss System. Tl>e subdi vision of these 
systems may be seen in the accompinying Table, jf? TreMtise on Geolo' 
eyfrom the Encyclopaedia, Brifannica Vol. I. Edinburgh, 1838. Also a 
Treatise on Geology in 2 Vols London, 1837, and 1839. 

Descrip. The most important changes in the classification of the strat- 
ified rocVs that have of late been proposed, are those by Mr. Mnrchison, 
and Professor Sedgwick, in the group thnt has }on^ been known under 
the general name of Graywacke. Tbe furmer gentleman, after years of 
study, has produced a splendid quarto, with a geological map, upon tbe 
upper members of these strata, which be denominates the Silurian 
Group, because it is well developed in the ancient British kingdom of 
the Silures. The lower members of the Graywacke with clay slate^ 
Prof. Sedgwick denominat»»s the Cambrian ^S^^^m, because fully devel- 
oped in North Wales. (Philips Treatise on Geology Vol. I. p. 56). 
Prof. Sedgwick has recently presented his views of the classification 
of all the stratified rocks below the Old Red Sandstone. His first Class, 
or the lowest, is denominated Primary Stratified Grmips . comprehend- 
ing Gness, Mica Slate, Quartz Rock, &^c. His second class he calls 
Pa l(Bozoic Series : which is thus subdivided. 1. The Lower Cambrian 
System, 2. The Upper do. 3. The Silurian System. Philosophical 
Magazine, for 1838, p. 299. 

Rem. De la Beche objects to these substitutes for Graywacke, except 
as mere local designations, on tiie ground that it is unwise to change 
old terms, until we can be sure that the new terms will answer for the 
whole earth. Report on the Geology of Cornwall and Devon p. 38. Lon* 
don, 1839, • 
Descrip. A Classification founded upon Palaeontological principles has 
been suggested by several writers, and in the following Table one of 
this character hus been added, copied chiefly from Mr. Lyell. It is 
believed that at least six groups of animals and plants, too unlike to 
have lived in the same condition of the earth, can be traced in the or- 
ganic remains found in the rocks. The first group embraces the tertia- 
ry strata; the second the Cretaceous; the third the Oolitic; the fourth 
the upper New Red Sandstone, embracing the limestone called by the 
Oermnns Muschelkalk ; the fifth the Lower New Red Sandstone, the 
coal Formation, and the Old Red Sandstone ; and the sixth, the remain- 
ing fossiliferous strata. This arrangement, however, will probably re- 
quire some modifications, when organic remaius shall be more extensive •* 
ly studied. Lycll's Elements of Geology, p. 280. 
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• 

Rem. 1 . The following Table affords a flynoptical view of most of the 
Systems of Classification that have now been described. More full de- 
scriptions of these Systems may be found in the works referred to above. 
It should be recollected that these systems have been mostly derived 
from the study of the rocks of Great Britain, and a part of the conti- 
nent of Europe. But in their great outlines they are found to apply al- 
most equally well to all other parts of the globe hitherto examined. 
This Table embraces only the stratified rocks. The unstratified class 
will receive more attention in a subsequent Section. 

Rem. 2. It was desirable thus early to describe the most important 
systems of Classification adopted by geologists : yet in doing it, it was 
necessary to presume upon a knowledge of some facts by the reader, 
which have not yet been explained. 

Rem, 3. A cursory view of the preceeding Table is apt to convey the 
impression that almost everything relating to the classification of rocks 
is unsettled, and that there is scarcely no agreement among the different 
systems. Some explanations and inferences, therefore, seem desirable, 
to present the subject in its true light. 

Prin, In judging of a classification of natural objects, it is 
important that we distinguish natural from artificial characters. 
Thus, in fiotany, plants may be divided into classes and orders 
depending upon the number and situation of the stamens and 
pistils of their flowers; or upon the anatomical structure of the 
plant. By the first arrangement we shall bring together plants 
the most unlike in their general properties; and therefore there is 
no necessary connection between those properties and the num- 
ber and situation of the stamens, and pistils, and therefore such 
characters are artificial orarbitrary. But those plants which are 
alike in anatomical structure, correspond in most of their pro- 
perties : and such characters, therefore, are natural. 

Inf. 1. In applying this principle to rocks, we find first, that 
their division into stratified and unstratified is natural : that i?, 
it brings together those kinds whose origin and other important 
characters are similar. Now we shall find that this division en- 
ters into nearly all the more recent systems of classification that 
have been described. 

Inf. 2. In the division of the rocks into fossiliferous and non- 
fossil iferous, all geologists agree : And in fact there is scarcely 
a possibility of disagreement on this point. So that here we 
have another important natural character as the basis of class- 
ification. 

Inf. 3. In nearly all the systems of classification, the forma- 
tions coincide : which is a^presu motive proof that they are nat- 
ural : since so many different observers agree in forming their 
boundaries. These formations ought perhaps to be regarded as 
the Species in Geology. 

Inf. 4. Classification founded upon the relative age of differ- 
ent rocks, is entirely natural, because all observers agree that 

4* 
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they were produced at different times. But as superposition 
and organic remains are the only safe criteria of relative age, 
there is j^round for a diversity of opinion in assigning places 
to the different formntions : since these criteria can be ascer- 
tained sometimes only imperfectly. 

Inf. 5. Characters dependent upon theoretical considera- 
tions are artificial, since few of the theories are so certainly 
settled as not to be liable to considerable modification. Hence 
such terms as Primary, Transition, Secondary, Tertiary, Di- 
luvial, dLC. are objectionable, if they are not understood to re* 
fer simply to superposition. 

Rttm. Neology is oflf n a grreatpr evil in science than the conttnaed 
use nf objectionable terms : continued I mean, until terms are proposed 
whicb are so decidedly good as to force themselves into use. It is 
partly on this sfr'^und that the terms, Primary, Transition, Secondary, 
Tertiary, and Diluvial, still continue in use. But it is partly, also, be- 
cause, apart from theoretical views, there does exist in nature some 
foundation for a division of the rocks into groups of this sort. How 
well marked for instance, is the distinction between the tertiary and 
the secondary group: and how difficult will it be to striVe out from 
American geology such a deposite as diluvium. I know not why the 
ingenious arrangement of Mr. Conyheare has not been adopted, unless 
it be because it simply indicates superposition ; and geologists feel as 
if this did not express the whole truth in respect to the larger groups 
of rocks ; and therefore prefer to uje terms which mean too much, 
rather than such as fall short of the truth. 

Inf, 6. Characters founded upon lithological distinctions are 
artificial, for the same reason that those derived from the num- 
ber and situation of stamens and pistils are bad in botany. 

Inf. 7. Discrepancy in classification often springs from car- 
ryinir the subdivisions of a formation too far; for the same 
reason that characters in botany and zoology could not be de- 
pended on, that were derived from the varieties of a species. 

Inf 8. Finally, it appears that in all the essential principles of 
the classification of rocks, geologists are nearly agreed. They 
all admit one class to be stratified and another unstratified : — 
one portion of the stratified rocks to be fossiliferous and anoth- 
er portion not fossiliferous. And they generally agree, also, as 
to the extent of the different distinct formations: althoucrh 
some would make their number greater than others — just as it 
is in respect to species in mineralogy, botany, and zoology. 
Now tliese three principles are all that are essential for classifi- 
cition : and some of the best geologists, as may be seen by the 
Table, limit themselves to these. But if others choose to 
subdivi le the formations still farther, and to refer the groups to 
primary, secondary, &c. classes, even though they differ widely 
here, it must not be hence inferred that they are at variance in 
respect to the essential principles of classification. 
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ly in the sulphurets and sulphates that are so widely disseminat- 
ed. Chlorine is found chiefly in the ocean, and in the rock 
salt dug out of the earth. Fluorine occurs in most of the 
rocks, though in small proportion. Siill less is the amount of 
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phosphorus, though widely diffused in the rocks and soils, and 
abundant in organic remains 

Descrip, Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com- 
pounds : that is, they were united two and two before forming 
the present compounds in which they are found. The follow- 
ing constitute nearly the whole binary compounds of the ac- 
cessible parts of the globe. 

1. Silica. 2. Alumina. 3. Lime. 4. Magnesia. 5. Po- 

tassa. 6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 

9. Water. 10. Carbonic Acid. 

Obs. It is meant only that these binary compounds, and the sixteen 
simple substances that have been enumerated, constitute the largest 
part of the known mass of the globe : for many other binary com- 
pounds and probably all the known simple substances are found in 
small quantity in the rocks; but not enough to be of importance in 
a geological point of view. 

Descrip. It has been calculated that oxygen constitutes 50 
per cent of the ponderable matter of the globe, and that its 
crust contains 45 per cent of silica, and at least 10 per cent of 
alumina : Potassa constitutes nearly 7 per cent of the unstrati- 
fied rocks, and enters largely into the composition of some of 
the stratified class : Soda forms nearly 6 per cent of some basalts 
and other less extensive unstratified rocks; and it enters largely 
into the composition of the ocean : Lime and Magnesia are 
diffused almost universally among the rocks in the form of sili- 
cates and carbonates — the carbonate of lime having been esti- 
mated to form one seventh of the crust of the globe ; at least 
three per cent of all known rocks are some binary combination 
of iron, such as an oxide, a sulphuret, a carburet, dLC ; man- 
ganese is widely diffused, but forms much less than one per cent 
of the mass of rocks. 

Descrip. The following table presents an approximate estimate of the 
mean amount of metallic bases and of oxygen in some of the important 
rocks. Phillips' Treatise on Geology, Vol. I. p. 24. 

100 parts of Granite =: 52 Metallic Basis 48 Oxygen, 

" Basalt = 57 " 43 " 

« Gneiss = 53 « 47 « 

" Clay Slate = 54 ? « 46 " 

" Sandstone =49 to 53 " 47 to 51 

" Limestone =52 " 48 " 

Descrip. The following Table shows the approximate amount of silica 
and alumina in the most important rocks. "^ 

Silica per cent. Alumina per cent. ' 
Granite 69,40. 12,34. 

Greenstone 54,86 15,66. 

Basalt 52,00 14,12. 
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Compact F9ldspar 


55,50 


21,00 


Gneiss 


70,J 6 


15,20. 


Mica Slate 


67,50 


14.26. 


Hornblende Rock 


54.86 


15X6. 


Talcose Slate 


78,15 


13,20. 



See De !a Beclus Researches in Theoretical Geology, p. 29 and 30. 
Aho Traits EUmentaire de Minirulogicy var S. F. BeudMiitf Tome I. p, 
112. Paris, 1830. 

Descrip. Eight or nine simple minerals constitute the great 

mass of all kn<»\vn rocks : These are 1 quartz, 2 Feldspar, 3 

Mica, 4 HornbieiMle, 5 Carbonate of Lime, 6 Talc, embracing 

chlorite and soapstone, 7 Atigite, 8 Serpentine. Oxide of iron 

is also very common: but it does not usually show itself till the 

decomposition of the rock commences. 

Obs. The student of geology should become very thoroughly con- 
versant with these minerals in all their modifications: for in the rocks 
their characters are often very obscure. 

Descrip, Other minerals forming rocks of small extent, or 
entering so largely into their coniposition as to modify their 
character, are the following ; Sulphate of Lime, Diallage, Chlor- 
ide of Sodium (common salt). Coal, Bitumen, Garnet, Schorl. 
Stauroiide, Epidote, Olivine, Pyrites. 

Dfscrip, A few of these minerals exist in so large masses as 
to be denominated rocks ; ex. gr. quartz, carbonate of lime, &c. 
but in general, from two to four of them are united to form a 
rock ; ex. gr. quartz, feldspar and mic:i, to form granite. In 
some instances the simple minerals are so much ground down, 
previously to their consolidation, as to make the rock appear 
homogeneous; ex. gr. shale and clay slate. 

Destrip. Water constitutes apart of nearly all rocks; but in 

most cases it appears to be mechanically combined ; for with 

one or two exceptions, it does not exist in the simple minerals 

that enter into the composition of rocks. 

Obs. In the simple minerals that have been enumerated, analysis has 
detected water only in the following. 

Sulphate of Lime (Gypsumj 19.88 per cent. 

Serpentine 12.75 

Diallage 8,20 

Talc 4.20 

Pyroxene (a few varieties) 3,74 

Mica ' 2 65 

Quartz 1.62 

Hornblende 0,55 
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Geological Situation of Useful Rocks and Minerals, 

Prin. The rocks and minerals useful in an economical 
point of view, are in a few instances found in almost every part 
of the rock series : but in a majority of cases, they are confin 
ed to one or more places in that series. 

Examples. 

GranitCj Sienile and Porphyry : foand intruded amongr all the stratified 
rocks as high in the series as the tertiary strata : but they are almost 
entirely confined to the primary rocks. De la Beche's Manual^ p. 94. 

Greenstone and Basalt are found among and overlying all the primary 
and secondary rocks : but they are mostly connected with the secondary 
strata. MaccuUock's System of Geology, Vol.2, p. Aij^. 

Lara, some varieties of which, as PeperinOj are employed in the arts, 
being the product of modern volcanoes, is found occasionally overly- 
ing every rock in the series. 

Clay : the common varieties used for bricks, earthern ware, pipes, 
&c occur almost exclusively in the tertiary strata: but we have reason 
to think some of them belong to the diluvial epoch. Porcelain clay re- 
sults from the decomposition of granite, and is found in connection with 
that rock. 

Marl J or a mixture of carbonate of lime and clay, is confined to the 
alluvial and tertiary strata : and differs from many varieties of lime- 
stone, only in not being consolidated. 

Limrstone, from which every variety of marble, one variety of alabas- 
ter, and every sort of quicklime are obtained, is found in almost every 
rock, stratified and unstratified« below diluvium. In the oldest strati- 
fied rocks and in the unstratified, it is highly crystalline ; and in the 
newest strata (ex. gr. chalk) it is oflen not at all crystalline. The most es- 
teemed marbles arc obtained from the newer primary and older second- 
ary stmt a. 

^rrftrMtine occurs chiefly in connection with the older stratified rocks. 
This IS jfenerally the case in N, England. It is found however, with 
some secondary rocks and not onfrequently with trap rock. 

Sulf^kdte of Limef or Gt/psuMf which produces one variety of alabaster, 
and is employed for taking casts, forming hard mortar, and spreading 
upon land in the state of powder, occurs chiefly in the new red sand- 
stone aeries. It ia found also in the Lias, Oolite, Green Sand, and Ter- 
tiary strata^ In this country it is found associated with the oldest of 
thfk ttecondarv ^transition) rocks. 

tiptk *Vi*/| (Cnloride of Sodium) is frequently found associated with 
JiypMum in the new red sandstone. It occurs also in the supercretaceous 
or tertiary strata; as at the celebrated deposite at Wieliczka in Poland : 
*"d in Sicily, and Cardona (Spain) in cretaceous strata: in the Tyrol, in 
thf* Oolites, and in Durhom, England, salt springs occur in the coal for- 
»"«Uon. Burktand's Bridgrcater Treatise, Vol. I. p. 12 Dela Bech$'s 
Mnn^nl.p. a4C. 

^ttrip. If vegetable matter be exposed to a certain degree of moisture 
*n« temperature, it is decomposed into the substance called Pcaf, which 
» dug from twanips, and belongs to the alluvial formatiop. 
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Lignite or Brown Coal, the most perfect variety of which is jet, is 
found chiefly in the tertiary strata; sometimes in the higher secondary ; 
and appears to be peat which has long been buried in the earth, and 
has uudergone certain chemical changes, "whereby bitumen has been 
produced. It generally exhibits the vegetable structure. 

BitaminGus Coal appears to be the same substance which has been 
longer buried in the earth, and has undergone still farther changes; 
though their precise nature is not well known. Its principal depos- 
ite is in that part of the secondary series called the coal formation, 
or coal measures. But it occurs in small quantity in the New 
Red Sandstone series, in England, Poland, and Massachusetts: and 
in Scotland it is worked in the lias limestone. A thick bed of it has 
also been found in the Plastic Clay of the Tertiary strata injlesse. 
Prof. Conyheare's Report (1832) on Geology to the British Association, p. 
3 JO. Also, Philosophical Magazine, Vol. 2. JVeto Series, p. lUl and 

Obs. The French geologists describe a variety of coal intermediate 
in its characters and position between canncl coal and lignite : but it 
is doubtful whether on strict mineralogical principles even lignite can 
be separated from bituminous coal. See Tableaux des Terrains par AL 
Brongniart and Traite Elementaire de Mineralogie par F. S. Beudant. 

The principal dcposite of anthracite in Europe, is in the graywacke 
formation; audit is supposed that this substance is common coal which 
has undergone still fartner changes and lost its bitumen. In this coun- 
try, however, there is reason to suppose that the vast deposit of anthra- 
cite in Pennsylvania, the largest in the world, is associated with the 
common coal measures. See Prof, H. D. Roger's Second Annual Re- 
port on the Geological Exploration (ffthe State of Pennsylvania, 1838. 

The anthracite of Rhode Island, and the south eastern part of Mass- 
achusetts is in a rock whose exact place in the series has not been sat- 
isfactorily determined, but probably it may belong to the graywacke. 
In Worcester the anthracite occurs in a sort of bastard mica slate. On 
the continent of Europe it occurs also in mica slate, in primary lime- 
stone, and in gneiss. Macculloch's System of Geology. Vol, 2. p. 296. 

Prof. Alexander Brongniart describes a true anthracite as occur- 
ring in the Plastic Clay of Mount Meissner in Hosse. This however 
appears to have been formed from bituminous coal by the action of ig- 
neous rocks ; and such cases have led some geologists to suppose that an- 
thracite was always thus produced. It occurs in small quantities in al- 
most all the stratified rocks frgmthe oldest tathe plastic clay. 

Graphite, Plurnbago, or Black Lead, appears to be anthracite which 
has undergone still farther mineralization : at least, in some instances, 
when coal has been found contiguous to igneous rocks, it is often Ctoli- 
verted into plumbago ; and hence such may have been the .origin of the 
whole of it. In the Alps plumbago is found in a clay slata that lies 
above the lias. (Annales des Sciences JYaturelles, Tome XV. 1828 />. 377.^ 
It is found also in the coal formation. Traite Elementaire de Mineraiogie 
par F. S. Beudant, Tome 2. p. 263. 

Dcscrip. All the varieties of coal that have been described, 
occur in the form of seams, or beds interstratified with 
sandstones and shales : and most usually there are sev- 
eral seams of coal with rocks between them; the whole 
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being arranged in the form of a basin. Fig. 94 (See Settion 
6,) i!« a skeich of the great coal basin of South Wales, m 
Greit Britiin; which contains twenty three beds of coal; 
whose united thickness is ninety three feet. When we con- 
sider how much this arrangement facilitates the exploration 
and working of coal, we can hardly doubt but it is tlie result 
of Divine Benevolence. 

Descrip, The Di tmon'J, which is piire crystalized carbon, has 
been found associated with new red sandstone at Golconda in 
South America, and at Panna in India. This rock is there in 
proximity with, and based upon granite, and perhaps the crystal- 
lization of the carbon resulted from this cause. Edinburgh Jour^ 
nal of Science^ Vol. X. p 184. Conybeare^s Report on Geology, 
p. 395 and 398. In general the diamond is found in diluvi- 
um ; having been washed from its original situation by water: 
and we may always presume that every mineral existing in the 
older rocks will be found also in diluvium ; because their de- 
tritus must contain them. 

Inference. It has been inferred from the preceeding facts, 
that all the varieties of carbon above described, had their ori- 
gin in vegetable matter ; and that heat and water have produced 
all the varieties which we now 6nd. MacculloclCs System of 
Geology Vol. 2. p 297. All geologists, however, do not con- 
cur in this opinion. See Feather stenhaugh^ $ Geological JR«- 
port, ("1835;/?. 24. 

Al nost all the precious stones, such as the sapphire, emerald, spin- 
el, clirysoberyl, chrysoprase, topaz, iolite, garnet, tottrmaline, chalce- 
dony, amethyst, JCc nre found exclusively in the oldest and most 
crystalline rocks. Qunrtz in the various forms of rock crystal, c(ialcedo- 
ny , carnelian, cacholong,sardonyx. jasper, <&c. is found sometimes in the 
sscon i'lry strata, and especially in the trap rocks, asaociated with the 
secondary formations. 

Descrip. Some of the metals, as platinum, gold, silver, mer- 
cury, copper, bismuth, &/C. exist in the rocks in a pure, that is, 
a metallic state ; but usually they occur in the state of oxides, 
suiphurets, and carbonates, and are called ores. It is rare 
th It any other ore is found in sufficient quantity to be an ob- 
ject of exploration on a large scale. 

Descrip. These or(;s occur in four modes : 1 In regular in- 
terstralified layers, or beds: 2 In veins or fissures, crossing the 
strata and filled with ore united to some oranirue or matrix.. 3 
In irregular masses : 4 Disseminated in small fragments through 
the rocks. 

Descrip. Iron is the only metal that is found in all the forma- 
tions in a workable quantity. Among all its ores, only four 
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«re wrought for obtaining the metal : viz. the magnetic oxide, 
the specular or peroxide, the hydrated per oxide, and the proto- 
carbonate. 

Mangranese occurs in the state of a peroxide and a hydmte ;-^aAd it 
.confined to tbe primary rocks ; except an unimportant ore called the 
earthy oxide, wjbich'^existfi in earthy deposites. 

The most import«^nt ores of copper are the pyritous copper and the 
earbonates. These are found in the primary rocks, and as hi^ in the 
secondary series as the^ new red sandstone ; in one instance in ter- 
tianr straU. Wonders of Geology Vol, 2. ;>. 651. 

The only ore of lead of much importance iff ,the sulphuret. This 

generally occurs in the primary rocks both stratified and unstratifiedi 
ut it exists also in the newer rocks as high in the series as jthe Ijiaii. 

The deutoxideof tin is the principal ore of that metal. Thi* ipmost 
commonljr found in the oldest formations of gneiss, granite, and porphy- 
ry : also in the porphyries connected with red samdstone. It is ibimd 
likewise in quantity sufficient to be wrought in diluTjiim* 

Of zinc the most abundant ore is the sulphuret, which is CQpimoiil/ 
associated with the sulphuret of lead, or galena. Other vi^iiable oiEes 
are the carbonate, silicate, and the oxide, which occur in t^condipry 
rocks. 

The most common ore ,of antimony, the sulphuret, \k9M hitherto bfteii 
Ibund chiefly in granite, gneiss, and mica slate. ' 

The principal ore ot mercury, the sulphuret, occurs chiefly i|i .new 
red sandstope : — sometimes in a sort of mica slate. 

Silver in its three forms of a sulphuret, a sulphuret of silver and an- 
timony , and a chloride, has been found mostly in primary and transition 
slates : — sometimes in a member of the new red sandstone series ; and 
in one instance in tertiary strata. Wondtra tf Geology, Vol, .2. p, 
651. 

Gold and Platinum always occur in a metallic state; and they have 
usually been explored in diluvium. They are often associated, howev- 
er, with the older rocks; and in this country especially, a gold deposite 
has been traced from Canada to the southern part of Georgia, and the 
metal is embraced in the talcose slate formation, in veins, usually of 
quartz. It is found also rarely in gray wacke, and even in tertiary stra- 
U. 

Cobalt, bismuth, arsenic, d^c. are usually found associated with sil-. 
ver, or copper ; and of course occur in the older rocks. The other 
metals, which, on account of their small economical value and minute 
quantity, it is anaecessary to particularize, are also found in the older 
strata ; freqaentlr only disseminated, or in small insulated masses. 

Obs. An excellent and much more extended view of the geological 
situation of useful minerals, may be found in Beudant's TraiU EUmen,- 
taire dt MinenUogie, Tome Premier, Livre Qiiatrieme : Paris, 1830. 

Inf, It appears from the facts that have been detailed respect- 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks 

and their order of superposition. 

Illustration. No geologist, for instance, would expect to find valua- 
ble beds of coal in the oldest crystaliine rocks, nor in the tertiary stra- 
ta ; but in the secondary fossiliferous rocks alone : and even here, he 
would have but feeble expectations m any other ropfc except the coal 
formation. What a vast amount of unnecessary expense and labor 

5 
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would have been avoided, had men, who have searched for coal, been 
always acquainted with this principle, and able to distinguish the differ- 
ent rocks ! Perpendicular strata of mica and talcose slate would never 
have been bored into at great expense, as they have been in search of 
coal : nor would schorl have been mistaken for coal, as it has been ! 

By no mineral substance have men been more often deceived, than 
by iron pyrites ; which is very appropriately denominated fooVs Gold. 
When in a pure state, its resemblance to gold in color is often so great, 
that it is no wonder those unacquainted with minerals, should suppose 
it to be that metal. Yet the merest tyro in mineralogy can readly dis- 
tinguish the two substances; since native gold is always malleable, but 
pyrites never. This latter mineral is also very liable to decomposition, 
and such changes are thereby wrought upon the rocks containing it, 80 to 
lead the inexperienced observer to imagine that he has got the clue to 
a rich despository of mineral treasures; and probably nine out ten of 
those numerous excavations thathave been made in the rocks of this 
country, in search of the precious metals, had their origin in pyrites, 
and their termination in disappointment, if not poverty. This ore jilso, 
when decomposing, sometimes produces considerable heat, and causes 
masses of the rock to separate with an explosion. Hence the origin of' 
the numerous legends that prevail respecting lights seen, and sounds 
heard, in the mountain where the supposed treasure lies, and which so 
strongly confirm the ignorant in their expectation of finding mineral 
treasures. Now all this delusion would be dissipated in a moment, 
were the eye of a geologist to rest on such spots, or were the elementary 
principles of geology more widely diffused in the community. 

Another common delusion respects gypsum ; which is as often 'sought 
among the primary, as in the secondary and tertiary rocks : although 
it is doubtful whether primary gypsum has ever been found. A few 
years since, however, a farmer in this country supposed that he had dis- 
covered gypsum on his farm, and persuaded his neighbors that such was 
the case. They bought large quantities of it, and it was ground for 
agriculture, when accidently it was discovered that it was only lime- 
stone : a fact that might have been determined in a moment at first, by 
a single drop of acid. 

Ctmthn. It ought not to be inferred from all that has been 
aaid, thnt boonnse a niiiiernl substance has been found in only 
one rock, it exists in no other. But in many cases we may be 
almost certain that such and such rocks cannot contain such 
and such minerals. Of such cases, however, the practised 
geologist can alone judge with much correctness, and hence the 
importance of an extensive acquaintance with geology in the 
connnunity. An amount oPmoney much greater than is generally 
kntiwn, has been expended in vain for the want of this knowl- 
t>tl^t». 

f>^#f>rrofMm. Th<> chemical changes which rocks have undergone 
Miiiot^ thoir dopoaition« as well as the operation of decomposing agents 
lt» whioh tlioy art* now exposed, nroperly belong to the chemistry ofge- 
ola^y, |l^( thont^ points will bi!^ deterred to subsequent sections ; because 
lU«\v will thvrt» bv bott«»r understood. 



ALLUVIUM. 47 



SECTION III. 

THE LITUOLOCICAL CHARACTERS OF THE STRATIFED ROOKS. 

Def, The Lithological character of a rock embraces its min- 
eral composition and structure as well as its external aspect, in 
distinction from its zoological and botanical characters^ which 
refer to its organic remains. 

Remark. I shall describe tbe stratified rocks under the names and in 
the order in which they are given in the Tabular Synopsis at the 
close of Section 1. They are, however, arranged into Groups or Sys- 
tems, nearly corresponding with, those of Professor John Phillips. I have 
also arranged these systems, under the terms Alluvium, Diluvium, 
Tertiary, Secondary, and Primary ; — not because I feel satisfied with 
these terms ; but chiefly because they have become so .incorporated with 
geological descriptions that their use is still convenient, and but little 
liable to lead the learner astray ; especially if he be forewarned against 
the hypothetical intimations which they contain. Tet another reason 
for using them, is, that there does exist in nature a ground for grouping 
together the rocks in some analogous manner ; and these terms may be 
employed until some decidedly better ones are proposed. 

1. ALLUVIUM. 

1 

Descrip. The following stratified deposites are the result of 
alluvial agency. 

1. Soil. 8. Siliceous Marl, or Deposites of 

tlie skeletons of Infusoria. 

2. Sand. 9. Bitumen. 

3. Peat. 10. Sulphate of Lime. 

4. Marl. 11. Hydrate of Iron. 

5. Calcareous Tufa 

or Travertino. 12. Hydrate of Manganese. 

6. Coral Reefs. 13. Chloride of Sodium (Sea Salt). 
. 7. Sili.ceous Sinter. 14. Geic Compound (Apothemite). 

15. Sandstones, Conglomerates, and Breccias. 
Prin, Soil is disintegrated and decomposed rock, with such a 
mixture of vegetable and animal matter that plants will grow in it. 

Proof!. We see almost every where the rocks crumbling down into 
soil. 2 Chemical analysis shows that the soils are composed generally 
of silica, alumina, lime, magnesia and iron, in about the same proper- 
tion as they are found in the rocks. Silica is much the most abundant 
ingredient. 

Remark. The most interesting examples of alluvial soil are those de- 
posites formed by the overflowing of rivers, along their banks. 

Descrip. Vast accumulations of sand, the result of alluvia) 



48 MAAL.-— GREEN 8ANO. 

agency, occur not merely io the bed of the ocean and in lakes, 
but also upon the dry land, where they are called dunes or 
downs. These are composed almost entirely of silica; and be- 
ing destitute of organic matter, cannot retain vegetation. 

Descrip. The manner in which peat is formed has already 
been explained in sreneral terms. (Section II.) When perfect- 
ly formed, it is destitute of a fibrous structure, and is, when wet, 
a fine black mud : and when dry, a powder. It consists chiefly 
of the substance called geine ; a part of which is soluble, and a 
part insoluble in water. These deposites of peat are sometimes 
30 or 40 feet thick ; but they are not formed in tropical climates, 
on account of the too rapid decomposition of the organic 
matter. 

Dea, Alluvial Marl is usually a fine powder, consisting of car- 
bonate of ime, clay, and soluble and insoluble geine ; and is 
found usually beneath peat in limestone countries ; sometimes at 
the bottom of ponds. It is produced partly by the decay of the 
shells of molluscous animals, and partly by the deposition of the 
carbonate of lime from solution in water. It contains numerous 
small fresh water shells, and has received the name of shell 
marl. 

Method of detecting calcareous marl. The great valoe of this sub- 
stance in agriculture, and the confusion that prevails in its description, 
render it desirable to point out a test by which it can be distinguished. 
That test is an acid of some sort, the common mineral acids, oil of vit- 
riol, aqua fortis, and muriatic acid being the best; but .strong vinegar 
will answer. If the substance eflfervesce, when the acid is applied, ^e 
may be sure that it is genuine marl : otherwise not. 

Other kinds of Marl, Several other substances that contain no carbon- 
ate of lime have often been denominated marl by agriculturists and not 
without reason; for they have produced effects analogous to those of cal- 
careous marl. But it seems very desirable that terms should not be ap- 
plied too loosely, and I propose the following designations for these 'sub- 
stances. 

Calcareous Marl : that which contains carbonate of lime in any quan- 
tity. 

Siliceous Marl : that in which silica predominates, and no calcareous 
matter is present. 

Muminous Marl : that in which clay predominates and no calcareous 
matter is present. 

Green Sand Marl : that which contains ffreen sand. This is the sub- 
stance that has been of late employed with signal success as a fertili- 
zer of land in New Jersey, Virginia, Dele ware, Si>c. If it contain any 
carbonate of lime, the compound term Calcareo-green sand marl, might 
be employed. 

Method of searching for alluvial Marl. The presence of Marl be- 
neath a peat bog can be determined with a good degree of certainty, 
by plunging a pole,— the rougher the better, through the peat, until it 
reaches the solid bottom of the morass; and on withdrawing it, some 
of the marl if any exist, will adhfsre to thp surface; though a coating of 
^he black mud mav cover it. 
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Descrip, Calcareous Tufa or Travertino, is a deposite of car- 
bonate of lime, made by springs containing that substance in 
solution. It forms a solid limestone, sometimes even crystal- 
line, and of considerable extent ; so as to be used for archi- 
tectural purposes. Thermal waters produce it most abundant- 
ly, hs in Central France, Hungary, Tuscaity, and Campagnadi 
Roma : but it is also deposited by springs of the ordinary tem- 
perature, as at Saratoga and in the Appenines. (Dr, Dau- 
bent/'s Report on Mineral and Thermal Waters, p. 56. London, 
1837. Also De la Heche's Manual of Geology, p. 158. Also 
LyelVs Geology, Vol. 2. p. 198.) Travertino is also precipita- 
ted by rivers, as in Tuscany ; and at the mouths of rivers on 
the coast of Asia Minor. {LyeWs Geology, Vol. 1. p. 237.) 
Very similar are the concretionary calcareous deposites formed 
in caverns : those depending from the roof are called Sialac* 
tites, and those on the floor, Stalagmites, 

Descrip. Coral Reefs are extensive deposites of carbonate of 
lime, formed by myriads of polyparia, or^radiated animals, in 
shallow water, in the south seas. They form the habitations of 
these animals; and of course are orgranic in their structure, 

Descrip. Silicious Sinter, or Tufa is a deposite of silica, 
made by the water of thermal springs, which sometimes hold 
that earth in solution. Successive layers of sinter and clay 
frequently occur and these are sometimes broken up and re-ce- 
mented so as to form a breccia. Prof J. W. Webster in the Ed' 
inburgh Philosophical Journal. Vol- VI. • 

Descrip. Siliceous Marl, or the Fossil Shields of Infusoria. 
Beneath the beds of peat and mud in the primary regions of 
this country, a deposite often occurs from a few inches to sev-» 
eral feet thick, which almost exactly resembles the calcareous 
marl that is found in the same situation. When pure, it is 
white and nearly as light as the carbonate of magnesia : but it 
is usually more or less mixed with clay. It is found by analy- 
sis to be nearly pure silica ; and it turns out to be almost en- 
tirely composed of the siliceous shields, or skeletons, of those 
microscopic animals called Infusoria, or Animalculce, which 
have lived and died in countless numbers in the ppnds at the 
bottom of which this substance has been deposited. 

Rem. The discovery of this curious fact (concerning which 
more will be said in a subsequent Section,) in relation to this 
country, was made by Prof. Bailey of West Point. American 
Journal of Science Vol. 35. p. 118. Analogous substances occur 
in Europe : but whether exactly identical with ours, I am un** 
able to say. Perhaps the Bergmehl of Prof. Ehrenberg may 
be the same, as our Siliceous Marl. 

5* 
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Descrip. Some springs deposite large quantities of bitiimett 
in the form of naptha and asphaltum. Their localities and ex- 
tent will be described in a subsequent section. 

Descrip. Although sulphate of lime very generally exists in 
he waters of springs, yet it is rarely deposited. One or two 
examples only are mentioned, where a deposite of this salt has 
been made ; as at the baths of San Philippo in France. De 
laBeche's Manual p. 158. 

Descrip- Hydrate of Iron or Bog ore is a common and abun- 
dant deposite from waters that are capable of holding it in so* 
lution : and it appears also, that this ore is often made up of 
the shields of Infusoria, which are often ferruginous. Won* 
ders of Geology, Vol. 2. p. 660. 

Descrip. The Hydrate of Manganese also, by a somewhat 
similar process, is frequently deposited in the form of the earthy 
oxide, or Wad, in low grounds : and it can hardly be doubted 
but it is an alluvial product. Report on the Geology of Mass~ 
achusetts, Hd Edition, p. 130. 

Descrip. Chloride of Sodium or Rock Salt, is very rarely 
deposited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the bottom of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of the 
rocks along the shores of the Mediterranean, in such quantity 
as to be collected by the inhabitants. 

Rem. The Rev. Justin Perkins, American Missionary, who resides 
on the borders of lake Ooromiah in Persia, states in a letter, that the 
waters of the lake rise 5 or 6 feet in the spring, and as tbey grradaally 
subside in the summer, << a very thin ^incrustation of salt is left on the 
land that has been overflown." He was also informed by a Nestorian 
Bishop and others, that for some years past, the mean level of the 
waters has been rising; and that formerly the deposite of salt was so 
great as to form permanent alternating layers with sand. A specimen 
of this water just received, appears to be nearly saturated with salt. 

Des. In Essex County, Mass. a curious substance of alluvial 
origin has been deposited in low grounds, which appears to be 
essentially upergcate of iron ; and which has received the name 
of Apothemite, It will probably be found in many places, and 
seemed to deserve a passing notice among the products of al- 
luvial actiqid : although for details, I must refer to another place. 
Report on a Re-examinatiofi of the Geology of Massachusetts, 
p. 89. 

Descrip. Alluvial Sandstone, conglomerate, and breccia, are 
formed hj the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
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through the mass in a state of solution. They are not verj 
common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called Sand' 
stone : rounded pebbles produce a Conglomerate or Plum Pud" 
ding Stone ; and angular fragments, a Breccia, 

Def. The varieties of alluvium, that have been described 
may be regarded as a Formatibn in the geological sense : and 
the period during which such a grbup is in the progress of 
deposition, that is, until some important change takes place in 
the material or mode of production, is called a Geological 
Period: and the point of time wl>en the change occurs is.cal* 
led an Epoch, 

2. DILUVIUM OR DRIFT. 

Remark, This formation is probably more difficult to study than any. ■ 
olher in the whole series of rocks : perhaps because geologists have yet 
given it less careful attention than most other rocks. Although some 
of its features are very marked and very distinct from those of alluvium 
above and tertiary strata beneath, yet the limits between these strata 
And diluvium are not always easy to determine. 

Descrip, The great mass of diluvium is composed of sand 
and gravel of differ nnt degrees of comminution, mixed togeth- 
er jgst in the manner that violent currents of water would do 
it. This gravel is often not derived from the rocks beneath it, 
but from those at a distance of several miles, and in this coun- 
try usually from ledges which lie in a north-westerly direction. 
The surface of this gravel is often scooped out into deep ba- 
sin-shaped depressions, and raised into corresponding eleva- 
tions, the difference of level being sometimes 20 or 30 and even 
100 or 200 feet. 

Descrip. Scattered througlr this gravel, are rounded mass- 
es of rock larger than pebbles, which are called bowlders : and 
..as they are frequently found a great distance from the place of 
their origin, they are also denominated erratic blocks, ani lost 
rocks. Oftentimes alluvial agency has removed the sand and 
gravel from these bowlders, so that they lie insulated upon the 
surface. ' ' 

Def. When they happen to be thus insulated upon other 
rocks and so poised that a small force will make them oscillate, 
they are called Rocking Stones. 



Fig 31 pxhibiU s rocking stone in the west part of Butc, H«m. 
Fig. 31. 

Rocking Slant : Barrt. 

Fig. 32 IB a rocking stone in Fall Rivet, Mass, poised upon granite. 

Fig. 32. 




Rocking Stone .- Fall R'lBtT. 

Dfserip. On raanj plains through which no existing stream 
now pnsscs, and \fing oter the diluvial gravel above desuribed, 
we lind thicli beds of saod and chy, deposited in much more 
quiet waters than common diluvium, and yet appnrenlly near 
the close of the same period, by the subsiding waters. The 
usual order of the series is, first and lowest, the coarse mate- 
rials , then clay, then sand. Traite Elementaire Geologie, par 
M. Kozet. p. 256. Tome I. 

Deserip. Sometimes the diluvial sand and gravel that have 
been described, are consolidated into sandstone and cong[lomer- 
ate, by the infiltration of iron or carbonate of lime : as in Pow- 
nal Vermont. Report on Ike Geology, of Massachusetts, p- 147> 
Also Tableau des Terrains, p. 66. 

Deserip, Another variety of diluvium, found especially in 
Europe, is Osseous Breccia : composed of fragments of boneg. 
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united by a calcareous cement, and occupying fisures and cav- 
erns in older rocks. See Dr, Bucklands Reliquiae Diluvianae. 
These breccias, however do not all belong to the diluvial pe- 
riod. 

Descrip, Pisiform iron ore occurs in a similar situation ; that 
is, in fisures in rocks, uniting together masses of limestone : but 
there is some doubt whether the exact situation of this iron has 
been determined. Rozet p- 286, Tome 1. Elemens de Geoiogie 
par J. J. D' Chnalius B'Halhy, p. 132. 

Descrip, Many of the most valuable of the precious stones 
and metals are found in diluvium ; such as the diamond, thei 
sapphire, the topaz, the ruby, and the zircon ; as well as plati- 
num, gold, and tin. Platinum, gold, and the diamond are ex- 
plored almost exclusively in this formation. Tableaux des 
Terrains, p. 1 15. 

3. Tertiary Strata. 
fSupercretaceaus Group of De la Beche,) 

Historical Remark, Until the publication by Cuvier and Brongniart 
of their Memoir on the tertiary strata around the city of Paris, in 1810, 
these formations were confonnded with alluvium. Since thai period, 
other similar deposites have been studied with diligence and success y 
and it is found that tertiary strata occupy more than half the surface of 
Europe ; and in this country they embrace nearly all the level region in 
the eastern part of the middle and southern states. , 

Descrip^ The tertiary rocks have been divided info four dis- 
tinct groups of marine strata, distinguished b> important pecu- 
liarities in their organic remains,and separated from one another^ 
by strata which contain fresh water and terrestrial remains, 

- Buckland's Bridgwater Treatise^ Vol, 1 . p, 76. 

ReTii. Marine strata are easily distinguished from those of freshwater 
origin by the occurrence in the former of animals peculiar to the ocean, 
and in the latter of those peculiar to fresh water, 

Descrip, MrLyell has divided these strata into four groups, to 
which he gives the names Eocene^ Miocene, and Older andJVetvtr 
JPUocene. In the first, the number of shells identical with living 
species is very small, only 3 1-2 per cent. In the second group, 
reckoning upwards, it is 17 per cent ; in the Older Pliocene 35 
to 50 per cent, and in the Newer Pliocene 90 to 95 per cent. 
And by this character are the groups distinguished. ^ LyelVs EU" 
ments of Geology^ p, 284. Other geologists object to these 
characters as too indefinite, De la Beckers Theoretical Geolo- 
gy, Chap. XVII, Phillips Treatise on Geology, p, 180. 

Descrip, The tertiary rocks are in general distinctly stratified, 
and the strata are usually horizontal. In some cases, however, 
(jw in the Isle of Wight and at Oay Head,) they are inclined at 
% Wgo angle. , , 
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Prin. All the stratified rocks appear to have been odginally 

deposited from water. 

Proof. The manner in which the ingredients of these rocks aw? or- 
raiiiTtd, viz. in parallel strata and Inminae, is precisely like that of the 
subaqueous deposites which are now forming in many localities, so that 
these latter need only to be hardened into stone, (when they are not 
already consolidated.) and in some cases rendered more crystalline, 
in order to be converted into the former. And by no other agent that 
we know of. by which rocks are formed, is a stratified and schistose 
arrani»emenl produci'd. Again, the materials composing these stratified 
rocks, viz. clay, sand, and carbonate of lime, are very similar to those 
deposites which water is now producing. And further, the organic re- 
mains vhich many of these rocks contain, can be accounted ior only 
on the supposition that tlie rocks enveloping them were deposited from 
water. 

Dt'scrfp. Rocks are deposited by water in two modes : first, 
as mere sediment, by its mechanical agency, in connection with 
gravity : secondly, as chemical precipitates from solution. 

JJrf. The first kind of rocks is called mechanical or sedi- 
ment ar if rocks ; the second kind, chemical deposites. 

Dr scrip. As a. general fact, the lower we descend into the 
rock series, we meet with less and less of a mechanical and 
more and more of a chemical agency in their production. The 
primary stratified rocks have generally been regarded as desti- 
tute of every mark of a mechanical origin except their parallel 
arrangement; but in fact, the greater part of them are made up 
of the fragments of crystals more or less worn and cemented 
toorether. 

Remark. I possess specimens of mica slate, talcose slate, and quartz 
rock .from various parts of New England, which are made up of fragments 
as distinctly rounded by attrition, as those of any fossiliferous conglom- 
erate : and these pebbles are cemented by similar materials in a finer 
state. Most of these specimens are associated with highly inclined 
strata of the oldest primary rocks in New England. They are good 
examples of what are c^Wed Mttamorphic Rocks. Phillip's Geology, p. 75.- 

Dearrip, In the fossiliferous rocks we sometimes find tn al- 
ternation of mechanical and chemical deposites : but for the 
most part, these rocks exhibit evidence of both modes of d,e- 
posite, acting simultaneously. 

Remark. Its difficult to conceive how any rock can be consolidated 
without more or less, of chemical agency, except perhaps in that im* 
perfect consolidation which takes place in argillaceous mixtures by mere 
desiccation. Even in the coarsest conglomerate there must be more 
or less of chemical union between the cement and the pebbles. 

Desnip. In the tertiary rocks a mechanical agency decided- 
ly predominates : nevertheless, several beds are the* result of 
chemical precipitation ; as gypsum, limestone, and rock salt. 

Dcscrip. The varieties of rocks composing the tertiary strata 
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are concretionary, tufaceons, argillaceous, and siliceous ; or 
limestone, marl, plastic clay, siliceous and calcarous sands, green' 
sand, gypsum, lignite, rock salt, and buhrstone. 

4. Secondary Rocks. 

Def. Under Sfcondary Jtocks, T include all the fossiliferous 
strata below the Tertiary : that is, I embrace under Secondary, 
all those denominated by many writers Secondary and Transi- 
tion. The entire want of agreement among geologists as to 
the upper limit of the Transition Class, proves to my mind that 
there is no mark in nature for fixinor that limit. Some com- 
mence the Transition rocks' with the coal Formation : Others 
with the Carboniferous Limestone : others with the Old Red 
Sandstone : and others with the Gray wacke. 

1. Cretaceous Si/stem, 

Descrip, In Europe this formation is usually characterised by 
the presence of chalk 'm the upper part, and sands and sand- 
stones in the tower : In this country chalk is wanting: yet some 
of our geologists suppose that the Ferruginous Sand F'ormation 
is the equivalent of the chalk formation of Europe. Dr. Morton 
in Journal of Academy of Natural Sciences, Vol. VI. Also 
American Journal of Science y Vol. XVII. p. 274. and XVIIT. 
p. 243. and XXIV. p. 128. 

Descrip. The Cretaceous system is thus arranged by Dr. 
Fitton 

C Upper, 

Chalk. ? Lower, 

( Marly. 

C Upper Green Sand, 
Green Sand. ? Gaalt, 

( Lower Green Sand. 

C Weald Clay, 
Wealden. ? Hastings Sands, 
^ Purbeck Strata. 

Observations on some of the Strata between the Chalk and Oxford OoUte 
in the South East of England^ By W. H. Fitton. p. 105. London^. 1836. 

Descrip. Chalk is a pulverulent carbonate of limej and its 
varieties have resulted from the impurities that were deposited 
with it. The upper beds are remarkable for the great quantity 
of flints dispersed through them, generally in parallel position. 

Descrip. Green Sand is a mixture of arenaceous matter, 
with a peculiar green substance greatly resembling chlorite, or 
green earth. 
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Compontum, The coloring matter of green Mnd has heen analysed 
with much care bj several diBtingoiahed chemists with the following 
results. 

French Green Sand. English Do. MattaehusetU Dm.' ■ Jf. Jersey Do. 
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See Dr. FUion on the Strata BeUno the Chalk, p. 109. Mso Prof A. 
D. Roger* s Report on the Geological Survey of Jf. Jersey, p. 47. etiseq. 
Mso Report on a re'exomination of the Geology of Massachusetts^, p. 7%, 

Use of Green Sand. This substance has been applied within a few 
years in this country with great success as a manure, especially in N. 
Jersey. If its fertilizing power depends on the potassa alone, the Eng- 
lish and Massachusetts deposites would be of no value : but if, as some 
suppose, the oxide of iron and the other ingredients assist in this re- 
spect, it may prove of great importance. 

Deserip. Gamlt or Gait, is a provincial name for ^ blue marlv day, or 
marl, forming an inter-stratified bed in the green sand of England. 

Deserip. The Wealden Formation, which has been foand in the Sooth- 
east of England, chiefly in the wealds or woods of Sussex and Kent, 
is composed of beds of limestone, conglomerate, sandstone, and clay, 
which abound in the remains of fresh water and terrestrial animals, and 
appear to have been deposited in an estuary that once occupied that 
part of England. Similar beds occur in Scotland and in a few placea 
on the European Continent. 

Remark. Some of the most remarkable facts in ibssil geology have 
been derived from this formation, which will be found described iu Dr. 
ManteWs illustrations of the Geology of Sussex ^. And Geology of the 
South East of England : Also in Dr. Fition'f Observations on the Strata 
below the Chalk ; and in Dr. ManteU's Wonders of Geology, 2 vols. 1838. 

2. Oolitic System, 

Deserip. In many of the rocks of this series, small calcare- 
globules are imbedded, which resemble the roe of a fish, and 
hence such rock is called Roestone or Oolite. But this struc- 
ture extends through only a small part of this formation, and 
it occurs also in other rocks. 

Deserip, The Oolitic series consists of interstratified layers 
of clay, saadstone, marl, and limestone. The upper portion, 
or that which is Oolite proper, is divided into three systems or 
froaps, called the Upper, Middle, and Lower, separated by clay 
6r marl deposites. 

Rfmark, Prof. Phillips includes the Wealden Formation in the Oolitic 
*8y9ilem.. PkUUp*s Geology, p. 192, 

mean of eight anaiyses. 
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Descrip, The lowest member of- the oolitic group is called 
LiaSf and consists essentially of arffillaceous limestone. 

Remark. The oolitic group is remarkable for the yast amoant of cal- 
careoas matter which it contains, and for the great number and yariety 
of its organic remains. 

3, Saliferous System. 

Descrip, This group is composed of rocks which have some- 
times a slaty, and sometimes a conglomerated structure, with 
fine sandstones, interstratified with pne another in endless vmh' 
ety. In composition, the rock is silicepus, argillaceous, or 
calcareous ; and often highly charged with red oxide of iron. 
The varieties in the color and appearance of these rocks is ex- 
ceedingly various : often however, they exhibit a variegated as- 
pect. - ■ 

Descrip, In Europe writers enumerate five varieties, of this 
rock. 1. Variegated Marl, composed of indurated clays of va- 
rious colors, among which red predominates : sometimes the 
clay is black, sometimes bluish gray ; and gray sandstone and 
yellowish magnesian limestone are instratified, the whole form^ 
ing the highest member of the series. 2. Muschelkalki a gray- 
compact limestone, occasionally dolomitic, lying beneath the 
marls and not yet detected except on the continent of Europe. 
3. Red or Variegated -Sandstone, Its varieties of color are red, 
blue, and green. Its composition is chiefly siliceous and ar- 
gillaceous, with occasional beds gf gypsum, and rock salt. 
{New Red Sandstone^ English Writers. Crres Bigarre^ 
French. Bunter Sandstein Ger.) 4. Zechstein, This consists 
of different varieties of limestone ; among which is the fetid 
limestone, friable marl, and copper slate. 5 New Red Con- 
glomerate : Exeter Red Conglomerate, A series of conglom- 
erates and sandstones lying beneath zechstein, and above the 
coal measures : the fragments having been derived from the 
latter. (TodtHegendes^ Rothe Todte Liegende Ger.) 

Remark. Some of these varieties, as the Muschelkalk andr Zechstein, 
are frequently wanting in this formation. 

4. Carboniferous System, 

Descrip, This group embraces three extensive deposites, 
resting upon one another in the following order; beginning 
with the uppermost. 1. Coal Measures. These consist of 
irregularly interstratified beds of sandstone, shale and coal. 
Frequently these are deposited in basin-shaped cavities; but 

6 
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not always. These rocks abound in faults produced by igne- 
ous agency ; whereby the continuity of the beds of coal is in- 
lerrupted, and the difficuKy of exploring for coal increased in 
some respects ; but in other respects facilitated; so that upou 
the whole, faults are decidedly beneficial. 2. Carbaniferous 
Limestone, A gray compact limestone, traversed by veins of 
calcareous spar, and frequently abounding in organic remains. 
Encrinites are sometimes so abundant that the rock is called 
Encrinal Limestone, It is also called Mountain Limestone^ and 
Metalliferous Limestone ^ as in England it abounds -in lead ore. 
3. Old Red Sandstone, This rock is composed mostly of con- 
glomerate, but sometimes it becomes fine enough to be schis- 
tose : Its prevailing color is red, and its thickness very varia- 
ble. 

linn. 1. ffonif writitri consider the old red sanditone as properly be- 
Irtnifiiiir to tlir (Iravwacke Group. (BakeweU^t Geology v. 87. Dela 
iht]in'0 Mtmuatfp. 414.) Of late this formation is freqaentfy denominat- 
•il fhd Ofiponian Syttemy becaase largely developed in Devonshire 

lUm. tt. The Coal Measures exist in almoi>t every country of much 
f Mtfiit, and form one of the most important sources of national wealth 
and happiness. In England not less than 6.000.000 tons of coal are 
yuarly raised from the mines of Northumberland and Durham: at 
whicli rate they will be exhausted in about 250 yeani. In Sooth 
Wales, however, is a coal field of 1200 square miles, with 23 beds, 
whose total thickness is 95 feet; and this will supply coal for 2000 years 
more. {BaketoeU's Geology p. 125.J In Gr^at Britian about 15,000 
stonm engines are in operation by the use of coal with a power equal 
to that of about 2,000,000 of men. The machinery moved by this pow* 
er hns been supposed equivalent to that of between 300.000.000. and 
4(K).000 000 men by direct labor. Well may Dr. fiuckland say « we 
are almost astounded at the influence of coal and iron and iiteam upon 
the fate and fortunes of the Human race.*' Bridgwater Treatise voi, 1. 
p 535. 

Probablj no part of the world contains such immense beds of coal as 
the central parts of the United States. In 1837, not less than than 900, 
000 tons of coal were carried to market from the mines in Pennsylvania 
alone : and the working of these mines has as yet only just com- 
menced. The southern anthracite basin of that state is 60 miles long 
and two miles broad, with an aggregate thickness of 100 feet. Indeed, 
30 out of the 54 counties of that state are in whole or in part based 
upon coal. But no one, who has not visited that state, can form any 
adequate idea of the quantity of the coal existing there. One bed 
alone, which probably extends through all the anthracite region, varies 
from 22 to 50 feet in thickness ; while the thickest bed in England is 
only 30 feet. Prof. H. D. Roger's Report on the Geological Exploration 
of the state of Pennsylvania for 1838. p. 84. BakeweWa Geology^ p, 

6. Silurian System, 

Descrip. As has been stated in the first section, the Silurian 
System, proposed by Mr. Murchison, embraces the upper mem- 
bers of that extensive deposite, which has long been known 
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under the name oFGraywacke, and Graywacke Slate, or Shale. 
Its composition is arenaceous, argillaceous, and calcareous; 
showing in all cases evidence of a sedimentary origin; yet 
having been subjected to a more powerful chemical action than 
the rocks above it : The materials are oflen exceedingly fine ; 
and then we have delicate slates; yet usually of a dull aspect. 
Sometimes they are very coarse, so as to form conglomerates ; 
and these two varieties are often interstratified. The lime- 
stones bear stronger marks of a chemical than a mechanical 
origin, and are frequently very crystalline. Sometimes they are 
argillaceous, and often slaty, and frequently concretionary. 
They abound in organic remains, as does, in fact, the whole 
formation. The slates are sometimes but not extensively divided 
by joints and cleavage planes ; though the original lamination 

of the beds by deposition is quite obvious. 

Rem. The subdivisions of the Silurian System, as proposed by Mr. 
Marchison, may be seen in the Tabular Synopsis of the different sys- 
tems ot classification given in the First Section. It might be supposed 
that these would possess only a local interest.* But Mr. Conrad, Palae- 
ontologist of the New York Geological Survey, is of opinion that he can 
not only identify the Silurian System generally with rocks in that state, 
but also the subdivisions; and he says that the system generally is 
more fully developed in this country than in England. Report of tht 
JV*. York Survey for 1839, p. 200. For a full description of this vast for- 
mation in England, see the magnificent quarto of Mr. Murchison, al- 
ready referred to. 

6. Clay Slate and Graywacke System (Philips), Cambrian 

Crroup (Sedgwick). 

Descrip. This extensive deposite, at least 3000 or 4000 
-yards thick in Wales, embraces the lower part of the Graywacke 
Group, and the clay slate of other geologists. 

The whole of it is eminently argillaceous : but it varies from 
the finest clay slate to conglomerates,' with fragments of quartz, 
feldspar, mica, jasper, &c. half an inch in diameter. - The ce- 
ment, however, is still argillaceous. These conglomerates, es* 
pecially in the upper part of the series, are interstratifled with the 
slates which have been called graywacke slate and clay slate. 
In the north of England, where this system of strata is developed 
on an enormous scale, and forms the splendid scenery of that coun- 
try, these slates are so divided by joints and cleavage, that the 
planes of deposition, or stratification and lamination, are very ob- 
scure. The lowest part of the system is composed chiefly of clay 
slate, which sometimes contains chiastolite and hornblende. In 
these lowest slates no organic remains have been found, and only 
about 30 species in the limestone interstratified with the higher 
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members of the series. These are perfectly developed zoophytes 
aod molluscs; but no plants have beeo found. These are the 
lowest rocks containing organic remains. Sedgwick in GeoUn 
gical Transactions, Vol. 8. Pkillips* Treatise on Geology, Vol. 
1. p. 124. LyeUs Elements, p, 464. Also Principles of 6re- 
ology, Vol, 2. p. 452. 

Rem. 1. It is by no means certain that the Cambrian System of 
rocks ought to be separated from the Silurian : for although the organic 
remains are quite different in the former from those in the latter, yet 
the number is quite small. 

Rem. 2. In the Tabular View of the Classification of rocks, I bave 

fJaced the Skiddan or Clay Slate System of Prof. Phillips below the 
ine separating the fossiliferous from the non-ibssiliferous strata. For 
in general it is certain that organic remains have not been found in 
clay slate, and Prof. Phillips says that " they are not found in the low- 
est group of Skiddau.*' TrttUise on GeoU^, Vol, 1. p, 128. 

5. PRIMARY ROCKS. 

Rem. As the non-fossiliferous or primary rocks ha^e novettled order 
of superposition, difierent writers will describe them in different orders. 
I shall give them in the order in which they most usually occur, es- 
pecially in this country. 

1. Clay Slate or Argillaceous Slate. This rock is composed 
of fine argillaceous matter which has a Tossil structure, and in 
the most perfect varieties its surface is more or Jess shining from 
chloritic or plumbaginous matter. Its principal deposite has 
already been described, as a part of the Cambrian System . 
But it occurs frequently interstratified with mica slate and 
quartz rock ; and must, therefore, be regarded as a non-fossilif^ 
erous primary rock. Yet on the other hand, it also occurs 
interstratified with fossiliferous Graywacke. There seems, 
therefore, a necessity for regarding clay slate as belonging both 
to the fossiliferous and non-fossil iferous strata. The farther we 
recede from the line separating these two classes of rocks to« 
wards the oldest, the more highly glazed does the clay slate be* 
come, until it passes at length insensibly into mica slate, talcose 
slate, or hornblende slate : But receding from that line in the 
other direction, its surface becomes more dull, and its texture 
looser, until it forms what is usually termed shale : and if we 
follow it still higher up in the series, it becomes gradually chang* 
ed into unconsolidated clay. 

Rem. A variety of clay slate used for whet-stones and hones is called 
Whetstone Slate. Some of the best hones, however, are compact feld- 
spar. The common notion that they are petrified wood, is utterly 
groundless. Graphic slate or drawing slate, is a variety of clay slatq 
that contains several per cent of carbon. 
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2. Quartz S,oc1c, Oescrip, This rock is essentially com- 
posed of quartz, either granular or arenaceous. The varieties 
result from the intermixture of mica^ feldspar, talc, horn- 
blende, or clay slate. In these compound varieties the strat- 
ification is remarkably regular: but in pure granular quartz, 
it is often difficult to discover the planes of stratification. It is 
interstratified with every one of the primary rocks, and also 
with graywacke ; in which last case it often assumes a decid- 
edly mechanical structure : and even when a member of the 
primary series, this structure is sometiipes visible. Macculloch*^ 
Principles of Geology ^ VoL 2. p. 174. Also Geological Classic 

Ji cation, p. 317. 

' Remark, The arenaceoai Tarietics of this rock form good firestones ; 
that is, stones capable of sustaining powerful heat. Some varieties of 
mica slate are still better. Gneiss of an arenaceous composition is also 
employed; as are several varieties of sandstone of different ages. Th^ 
firestone of the English green sand, is a fine jsiliceous sand cemented' 
by limestone. Fitton on the Struta below the Chalk, p.. 137. 

3. Hornblende Slate- Hornblende predominates in this 
rock : but its varieties contain feldspar, quartz, and mica. 
When it is pure hornblende, its stratification is oflen indistinct, 
and it passes, by taking feldspar into its composition, into a 
rock, resembling greenstone. It occurs in every part of the 
primary series; but its more common associations are argillace- 
ous slate, ^mica slate and gneiss; into which it passes by inr 
sensible gradations. 

Variety. Dr. MacuUoch describes actynolite schist, as distinct from 
hornblende slate : but as mineralogists now regard the two mineraki aa 
only one species, it is unnecessary to separate the rocks. 

4. Talcose Slate. The talc in this rock, which is the essen- 
tial ingredient, and is sometimes in a pure state, is usually 
mi.xed with quartz and mica, and sometimes with limestone, 
feldspar, and hornblende. It is associated sometimes with ar- 
gillaceous slate, and even graywacke : but usually, at least in 
the United States, with mica slate, and rarely with gneiss. 

Varieties. Chlorite Slate is only a variety of taloose slate, in which 
the talc is almost pulverulent and compact^ of a green color, aiid in much 
larger quantity than the quartz. Steatite is often nothing but schistose 
talc, which is adherent enough to be wrought, and at other times it is 
somewhat granular, and slightly indurated. This is the valuable stone 
so extensively used for furnaces, fire places, aqueducts, &c. under the 
name oTsoapstone or freestone. 

Obs. Most of ^e beds of steatite in New England, lie at the junctioil 
of talcose and hornblende and mica slate. 

5. Serpentina. This is usually regarded as a simple mineral, 
which contains about 40 per cent, of magnesia ; and it is in fact 
a hydrated silicate of magnesia. Most European writers de- 
scribe it among the unstratified rocks; and no doabt^^.^^^^ 

6» 
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frequently occur without any parallel division into strata, and 
in the form of veins. But (he vast beds of it in the primitive 
regions of N. England are oAen distinctly stratified ; and I 
therefore follow. Dr. Maccullocb, who places this rock both 
among the stratified and the unstratified ; because; this arrange* 
ment corresponds best with its characters in Scotland. The 
truth is, serpentine appears usually to be a metamorphic rock : 
that is, a rock which has been subjeot to so liigh a degree of 
heat as to change its characters; and yet not so high as in all 
cases to destroy the marks of stratification which it originally 
possessed. Many of its largest masses in N. England are as- 
sociated with talcose slate near its junction with some other 
rock, especially hornblende slate. It is not a rock of much 
comparative extent. 

6. Primary Limestone, Limestone that alternates with 
primary strata is called primary. Dr. Macculloch considers 
such alternation the only decided proof that a limestone is pri- 
mary. (Principles of Geology^ Vol, 8. p, 209.) Others, as 
De la Beche, make its primary character to depend more upon 
its crystalline character ; and hence assert that it occurs inter- 
stratified with fossiliferous rocks. (Manual of Geology p. 435.) 
It is generally white and crystalline, resembling loaf sugar so 
much as to be called saccharine. But in some situations it is 
dark cplored, by being penetrated with other rocks, and also 
nearly compact. 

Hem, When this rock occurs in the unstratified class, and also in 
tome of the older stratified ones, it is often nearly or quite destitute of 
stratification. (Ex.gr. the limestone beds in sienite in Newbury and 
Stoneham, and in ffneiss at Bolton Massachusetts : also in hornblende 
slate in Smithfield, R. I : and in granite in St. Lawrence and Essex 
County, N. T.) Hence it has been proposed to put primary limestone 
into the unstratified class. {Prof, Emmons' Report on the Geology of the 
Second District of JV. York, 1838, p. 196.) In many cases, however, H 
is most distinctly stratified : as for instance, in the bed lying between 
•trata of gneiss on Cole's Brook, in the west part of Middlefield, in 
Massachusetts. The interesting examples given by Prof. Emmons jn 
St. Lawrence Codnty, in his Report above referred to, do indeed prove 
that this rock may exist sometimes in the form of veins in granite. 
But looking at all the facts on the subject, they seem more satisfactorily 
explained by supposinijr primary limestone a metamorphic rock, like ser- 
pentine, which may therefore be found both stratified and unstratified, 
than by regarding it as always unstratified and of igneous origin. 

7. Mica Slate, This is a slaty mixture of mica and quartz, 
in which the former predominates. Garnet and Staurotide are 
often so abundant in it, over extensive tracks, as properly to be 
regarded as constituents : hence the varieties, Garnetiferous 
and Staurotidiferous mica slate. This is one ofthe most com* 
mon and best characterized of the primary rocks. 
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8. Crneiss, The essential ingredients in this rock are quartz, 
feldspar, and mica. Hornblende is occasionally present : These 
ingredients are arranged more or less in laminae, and the rock 
is stratified. Where it passes into granite, however, (which is 
composed of the same ingredients) the stratification, as well as 
the laminar arrangement, become exceedingly obscure ; and it 
is impossible to draw a definite line between the two rocks. 
Gneiss, as well as mica slate, are remarkable in some places for 
tortusoites and irregularities exhibited -by^ their strata and lamin- 
ae : while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered excellent' materials for economical 

purposes. 

Varieties. Gneiss sometimes contains crystals of feldspar, which 
fflve it a spotted appearance; and this is called porphyrinic gneiss. 
When talc takes the place of mica, the rock is called Protogine. 

Remark. Gneiss is a rock of great extent in the United States : es- 
pecially in New, England. 

Eurite or compact Feldspar. Dr. Maccullocb describcB a stratified 
roi^ associated with gneiss in Scotland, composed chiefly of compact 
feldspar. De la Beche. regards this as Eurite, although most writem 
consider Eurite as a member of the unstratified class. 

JPrin, If all the stratified rocks have been deposited from 

water, as we have seen, the layers must have been originally 

nearly horizontal. 

Proof. Deposiies now taking place rarely have an inclination great* 
er than 10" over any cousidend>le extent of surface ; though in some 
favorable circumstances, as when sand accumulates outward on a steep 
shore, the strata may be inclined as much as 40". LyeWs Geology^ Vol, 
2. p. 310. But a little care will enable any one to disting^uish such cases 
from the effects of subsequent elevation : and it still remains true, as a 
general fact, that deposites now forming have only a slight inclination. 

Inference. Hence if we get the perpendicular thickness of a 
series of strata we ascertain the character of the crust of the 
globe to that depth. 

Explanation. If we measure the breadth of a series of upturned strata, 
on a line at right angles to their strike, and ascertain their dip, we have 
given the hypothenuse and angles of a right angled triangle to find the 
perpendicular, which is the thickness of the strata. If the strata are 
perpendicular, a horrizontal line across their edges gives their thick- 
nesa. 

Facts. By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferous 
strata in Europe, is not less than, 6 1-2 miles. {See Tabular 
view in Section 1.) In Pennsylvania the fossiliferous rocks be- 
neath the top of the coal, measures, are 40,000 feet, or more 
than 7 i-2 miles in thickness, {Prof. Rogers' Report on the 
Geology of Pennsylvania for 1838, p. 82. 
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Prop. In the peninsula of Tauris, Pallas describes a contain- 
ed series of primary strata, inclined 45^, over a distance of 
86 miles; which would give a perpendicular thickness of more 
than 63 miles. LyelCs Geology, Vol. l.|j.457. In N. England, as 
for instance, on the Rail Road between Westfield aud Pitts- 
field, we have strata of primary rocks, for the most part nearly 
perpendicular, not less than 20 miles in thickness. 

Remark. Itoaght to be recollected, that the primary strata have been 
■ubjected to far more numerous disturbances than the secondary and ter- 
tiary ; and, therefore, all such measurements as the above, arc liable to 
give results not a little erroneous ; since the strata may be so shifted as 
to be measured twice. Such sections, however, as those mentioned 
above, indicate, after all allowances are made, a great perpendicular 
thickness. 

Fact. Dr. Buckland estimates th^ total thickness of all the stratified 
rocks in Europe to be at least ten miles. Bridgwater Treatise^ Vol, 
l.p.37. 

Inference, We see from these statements how groundless is 
the opinion, that geologists are able to ascertainthe structure of 
the earth only to the depth that 'excavations have been made, 
which is less than a mile : especially when we recollect, that 
the unsfratified rocks are uniformly found beneath the stratified ; 
and since their igneous- origin is now generally admitted, it can 
hardly be doubted that they come from very great depths : so 
that probably the essential composition of the globe is known 
almost to its centre. 



SECTION IV. 

UTHOLOGICAL CHARACTERS AND RELATIVE AGE OF THE UNSTRATI- 

FIED ROCKS. 

Prin, The differences among the unstratified rocks, result 
from two causes : 1. a difference in chemical composition : 2. 
the diversity of circumstances under which they were produced. 

Descrip. All the varieties of those rocks pass into one another 
by insensible gradations, even in the same mountain/mass ; giv- 
ing rise to endless varieties, which cannot be described minutely 
in a treatise, like the present. 

Descrip. The two predominant and Gharacteristic minerals 
in the unstratified rocks, are feldspar and augite, or horn- 
blende. 

Rem. The recent researches of Rose and Mitscherlich, render it 
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» 
probable that AUgite and hornblende are only varieties of the same min- 
eral species, which acquire their different crystalline forms and ot^er 
characteristic differences, in consequence of a difference in the rate of 
cooling from a state of fusion : — the former crystalising rapidly , and the 
latter slowly. Rose fused hornblende, and found that on coolinff it 
took the form of augite. LyelVs Elements of Geology p. 148. PhiUips 
Treatise on Geology, Vol. 2. p. 54. 

Descrip. The following arrangements of the unstratiiied rocks, 
founded upon the relative quantity of feldspar and augite or 
hornblende, which they contain, has been suggested by Prof. 
Phillips: (Treatise on Geology , Vol2,p.57J and is liable 
only to the objection, that we have hot a knowledge of the 
composition of the older rocks sufficiently perfect, to make it 
certain that they are all put into the right place in the classifica- 
tion. 

Division 1. FeldspatMc. 

Feldspar alone, or but slightly mixed with augite, hornblende, 
hypersthene, diallage, &c. 

Ancient, Modern.. 

Granite and most Porphyries. Trachyte^ 

Division 2. 

Feldspar in nearly equal proportions with augite, hornblende, 
hypersthene, &.c. 

Ancient, - Modern, 

Slenite and Greenstone. Graystones of Scrope. 

Division 3. 

Augite, hornblende, hypersthene, or diallage, predominates 
over feldspar (or olivine). 

Ancient, Modem, 

Basaltic Series of most authors. Basaltic Series of Scrope. 

Jkscrip, On the same principles, that is, minerological con- 
stitution, Mr. Scrope has divided the products of extinct and 
•active volcanoes into three kinds : 1 Trackt/te, which is felds- 
pathic : 2 Crraystone, or a mixture of feldspar and iron : 3 
Basalt, which is augitic. Girardin (Considerations general 
Sur les Volcans, p. 13,) divides these products into the Trachyte 
ic Formation, (terrain,) The Basaltic Formation^ and the Lava 
Formation, 

Dcf, The melted matter that is ejected from a volcano^ or 
remains within it, is called 7a{7a. Hence it is not improper to 
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apply the term to any rock that is proved to have been in a inel* 

ted state. But it is usual to confine it to the more modem un- 

atratified rocks, such as hare been ejected from a crater. 

Rem. The igneooi origin of all the anetratified rocks is now so gen- 
erallj admitted, that we may take it for granted ; and make it the basis 
of clastifioalion — The proof, bowerer, will be presented in a subsequent 
Section. 

Descrip, Lava cooled rapidly,, and not under pressure, forms 
glass, or scoria : but cooled slowly, and upder pressure, it be- 
comes crystalline. Now the older unstratified rocks, such as gran- 
ite, sienite, porphyry, and greenstone, are more or less crystalline: 
whereas basalt, trachyte, and other products of existing volca* 
noes, are compact or cellular. Nor have we any but presump- 
tive proof, that the former class are now produced by igneous 
action. Hence it is. inferred, that they were cooled under avast 
pressure of the ocean and its subjacent beds: and hence they . 
are called Plutonic Rocks : whereas the latter are denominated 
Volcanic Rocks, Phillips* Treatise on Geology Vol- 2. p. 52. 
IjyelPs Elements of Geology ^ p. 14. 

Ohs. The most important of the unstratified rocks will now be de- 
scribed in an order as nearly chronological (beginning with the oldest) 
as the present state of our knowledge will admit. 

1. Granite. 

Descrip. The essential ingredients of this rock are quartz, 
feldspar, and mica. Its prevailing colors are white and flesh- 
colored. In some cases the materials are very coarse, the crys- 
talline fragmentit being a footer more in diameter : In other 
cases, they are so fine as to be scarcely visible to the naked eye : 
and between these extremes, there exists an almost infinite va- 
riety. The fine grained varieties are best for economical uses ; 
but the coarser varieties abound most in interesting simple min- 
erals. 

Varieties. Graphic Granite is composed of quartz and feldspar, in 
which the former has ah arrangement which makes the surface of the 
rock exhibit the appearance oi letters- as in Fig. 33. When granite 
contains distinct crystals of feldspar, it is called porphyritie. When the 
ingredients are blended into a finely granular mass, with. imbedded crys- 
tals of quartz and mica, it has been called by the French writers, Eurite, 
Pegmatite is a granular mixture of quartz and feldspar. 



Fig. 33. 




2. Sienile. 

Def. Sienite is compoaed essentially of feldspar, quartz, 
and hornblende, tbe firat predominating. When mica is also 
present, the compound is frequent); denominated Sienitic gran- 
ite. Traife Elementaire de Qeologie, Par M. Roztt, Tomt \. 
j>. 462. 
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Obs. 1. A great deal of confusion and diversity of opinion h<i9 ex- 
isted in respect to the nature and position of sienite. MaccuUoch makes 
it to consist of feldspar (compact or common) hornblende and quartz, 
and he limits it to the overlying or trap family, and considers the anal- 
ogous compounds associated with granite, as merely varieties of the 
latter. .In N. England, such a distinction woald be very difficult, since 
the same continuous formation of sienite, is sometimes connected, on 
the one hand, with granite, and on the other with porphyry and green- 
stone. MaccuUoch* s Classification of Rocks^p, 5lS. 

Obs. 2. When it was ascertained that the famous rock from Sienna 
in Upper Egypt (so much employed in ancient monuments,) from which 
the name of sienite was derived, was nothing but grranite with black 
mica, and also that Mount Sinai in Arabia was compoiBed of genuine 
sienite, a French Geologist proposed to substitute Sinaite for sienite : — 
but the suggestion, which was certainly a good one, has not been 
adopted. 

Obs, 3. Most.of the sienite so famous in N. England for architectur- 
al purposes, as that from Quincy and Gape Ann, is composed of feldspar 
quartz and hornblende, the latter frequently disappearing. 

3. Porphyry* 

Dcf. Rocks with a homogeneous, compact, or earthy base, 
through which are disseminated crystalline masses of some other 
mineral of contemporaneous origin with, the base, are denom- 
inated porphyry. True classical porphyry, such as was most 
commonly employed by the ancients has a base of compact 
feldspar, with imbedded crystals of feldspar. When the base is 
greenstone, pitchstone, trachyte, or basalt, the porphyry is said 
to be greenstone porphyry, pitchstone porphyry, trachytic por- 
phyry, and basalt porphyry. The base is sometimes cliiikstone, 
or clay stone, and the imbedded crystals may be- feldspar, augite, 
olivine, &/C. 

Inf. Hence the term porphyry designates only a certain form 
of rock : but does not refer to any particular kind of rock. 
When porphyry is spoken of in general terms however, felds- 
par porphyry is usually meant 

Obs. The name porphyry- signifies purple ; (^7roQ(pvQa'^ such 
having been the most usual color of the ancient porphyries : 
but this rock exhibits almost every variety of color. It is the 
hardest of all the rocks; and when polished, is probably the most 
enduring. 

Descrip. Claystone is an earthy compact stone of a purp- 
lish color, appearing like indurated clay. Compact Feldspar, 
sometimes called Petrosilex, is a hard compact stone of various 
colors; fusible before the common blow pipe, and often trans- 
lucent on the edges, like hornstone. Its predominant ingredi- 
ent appears to be feldspar — Clinkstone^ or Phonolite; or fissile 
Petrosilcx : A greenish or greyish rock, dividing into slabs or 
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columns : ringing under the hammer : apparently a variety of 
compact feldspar. Hornstone^ a compact mineral, ofleq trans- 
lucent like a horn : of various colors: in hardness and fracture 
approaching flint : infusible before the blow pipe; and hence 
composed chiefly of silica. Comean, between hornstone and 
compact feldspar, compact and homogeneous ; supposed to con* 
sist of feldspar, quartz, and hornblende. -All these substances 
form the basis of porphyry ; and hence we have Clinkstone 
Porphyry, Hornstone Porphyry, Clay stone Porphyry, &-C. 
When black augite forms the base of Porphyry, it is called 
Melaphyre. 

4. Greenstone. 

Des. Several unst ratified rocks, whose principal ingredients 
are feldspar and hornblende or augite, are called TVap Rocks : 
from the Sweedish word Trappa, a stair : because they are oflen 
arranged in the form of stairs or steps. Although the term 
trap is loosely applied, most writers limit it to the varieties of 
rock called greenstone, sienitic greenstone, basalt, compact 
feldspar, clinkstone, pitchstone, wacke, amygdaloid, augite 
rock, hypersthene rock, trap-porphyry; pitchstone porphyry, and 
tufa. Macculloch includes claystone and sienite. System ofGe* 
ohgy. Vol. 2. p. 80. 

Descrip. Greenstone is ordinarily composed , of hornblende 
and feldspar, both compact and common, the former in the great- 
est quantity. 

Descrip. The term Dolerite has been used by the geologists of con* 
tinental £uropie, as equivalent to Greenstone. But .according to Rose, 
dolerite consists of black uugite and Labrador feldspar : to which Leon- 
hard adds iron. Diorite is another name for a variety of greenstone,which 
Rose says is composed of albite and hornblende in grains. — But albite 
and hornblende are sometimes called Anifesite — Dr. Macculloch calls 
those varieties of greenstone which have a green color, Augite Rock; 
because augite is the predominant ingredient, but the Augite Rock of 
Leonhard is almost wholly augite. When Hypersthene takes the place 
of hornblende, he calls the compound Hypersthene Rock. System of Ge- 
ology, Vol. 2. p. 108. 110. When Greenstone is composed almost en- 
tirely of hornblende, the rock is denominated Hornblende Rock. When 
the grains of feldspar and hornblende are quite coarse, it is called 
Sienitic Greenstone, which oflen takes quartz into its composition, and 
passes into granile-^ All the above rocks are frequently porphyritic ; and 
oence we have augitic or pyroxenic prophyry, dioritic porphyry, &c. 

5. Trachyte. 

\ 

s 

Descrip, Trachyte is of a whitish or grayish color, usually 
porphyritic by feldspar crystals, and essentially composed of 

7 
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glassy feldspar, with some hornblende, mica, titaniferous iron, 
and sometimes augite. Beudant's Traitt de Mineralogie, Tomt 
1. p. 566. Lyeir 8 Elements of Geology, p. 154. Its name 
is derived from the Greek, rQuxvg, rough, from its harshness Ho 
the touch. It was an abundant product of volcanic action dar- 
ing the tertiary period, and usually appears to be older than ba- 
salt, although trachtyic lavas have continued to be ejected down 
to the present day. Trachyte occurs in Auvergne and Hunga- 
ry, and in vast quantities in South America : but not in the 
United States. It constitutes the loftiest sumits of the Cordill- 
eras. Humboldt's Geognostical JEs' ay on the Superposition of 
Rocks, p. 423. 

Descrip, Trachyte in an earthy condition, at it occurs in the Pays 
de Dome, in Aavergne, is called Domite. Trachyte is osoally porphy- 
ri tic, and hence we have Trachytic Porykyry. 

6. Basalt. 

Descrip, This rock appears to be composed of augite, felds-. 

par, and titaniferous iron ; and sometimes olivine in distinct 

grains. Its color is black, bluish, or grayish; and its texture 

compact and uniform — more so than greenstone. Augite is the 

predominent ingredient. Probably in some cases, hornblende 

takes the place of augite : but from the nature of these two 

minerals, this can be regarded as of little importance. Basalt 

passes insensibly into all other varieties of trap rocks. De la 

Beche*s Manual of Geblogy, p. 452. LyeWs Elements^ p. 153, 

Rem. It is often asked whether basalt occurs in the United 
States. The lithological characters of some of our trap rocks can hard- 
ly be distinguished nom those of basalt : yet it is not probable that aity 
of our trap rocks are as recent as the basalt of Europe ; ' ai|d hence oar 
geologists usually refer them to greenstone. 

7. Amygdaloid, 

Descrip, This term, like porphyry, is not oonfined to any one 
aort of rock ; but indicates a certain form, which extends 
through all the trap family. Amygdaloid abounds in round- 
ed cavities, like the scoriae and pumice of modern Lavas, 
and these are often filled with calcareous spar, quartz, 
chalcedony, zeolites, and other minerals, which have taken 
the shape of the cavity : so that the rock appears as if filled 
with almonds, and hence the name, from the Latin amygdala^ 
an almond. These cavities, however, have sometimes been 
lengthened by the flowing of the matter while melted so that 
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cylinders are Tound aeveral inches long. When thej ire not 
Riled, the rock is said to he Tesicutar. 

. Dtacrip. A soft variety of trap rock resemUing indurated 
clay, is called macJce, which may or may not t^ tesicnlar. 
From its resemblance to the toad, DTobably, it iscalled in Der- 
byshire, Toadstone. 

Rtm. Theilaty grajiracke in the viciDitjrof Boalon,u ■! Brighton tni 
Hingharo, ra eotiTertcd into decided amygdaloid, trithout loaing wboll/ 
its laminated Btructare. The ume ia the caae with the red ■anditona 
lying beneath the greenstone near Connecticut rirer. In the latter Mat 
.however the caTitieaare rarely Elled. 

JPrismatie or Cohamar Slnieture. 

Daerip. One of the most remarkable characteristics of the 
trap rocks, it.their columnar slructure. This consists in the oe- 
casional division of their snbetaace into regular, prisms, with 
sides varying in- number from tbree.to eight, usually five or 
BIX, whose length is sometimes not less than 200^eet. Thej 
are' sometimes jointed ; that is, divided .crosswise into blocks, 
from one to several feet in length r whose extremities are mora 
or less convex or concave, the one fitting into the othpr. Uso- 
ally these columns stand nearly perpendicular, and when worn 
away on the side, they present naked walls which, appear lik« 
the work of art. They stand so closely compacted together, 
that though- perfectly separable, there is no perceptible spec* 
between them. The thickness of. the columns varies from on* 
to five feeL 

litv' is Diaally nppcmMwt. But at 

t Holvoke, in Hadlev, lome of tlw 

yij. ,„__.__ _.__._u ^._ ,. 

itvCa 
Fig. 34. 
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Rtmark 3. The ooIamDU' mnd tt>ppo*e foimi pf buall and gresn- 
■tone hi.Te pradaced lomB of the moat remarkable acrDcrj on the globa. 
FiogBl'a Care in the iiland of Staffk, (one of the Weetern Iilanda of 
Bcatlaad,^ and the Giant's Caaiewaj in the north of Ireland, are al' 
moat too well known to need deacription. Btaffl i> compoaed entireljr 
of batiJt with a thin toil, and ita ihorei are for the mnt part a steep 
cliff, 70 feel high, formed of colucnna. The cave ii a cbaam 42 feet wide 
and 337 feet long in theae CDlumni, formed by the action of the wavea. 
The fblluwing aketeb, Fig. 35, will convey an idea of the ntnatiwi of 
(he cave aad of the general atroetare of the ialand. 

Fig. 35. 




Fingal'M Cave: Su^a. 



which 1 have denominated Tilan't Fiatia. The lower end of the ooU 
nmna, aereial rowa of which project over the obaerrer's head, are ex- 
foliated in auob a tnanner aa to pretent • oonTez anriaee downwarda. 




TUan'Mpi 



Ml. Holyoke. 



Da. The Giant'i C^ukwrj consists of kd irrc^iilai g^roup orpnntisoBkt 
colnmns, from one to £tb feet thick, and from SO Co liOO feet higb, jointed 
>■ usual. Where tbe tea has had acceia lo thrm, their upper portiom 
■ra worn awajr, ^whilp the lower part renuina exteoding an unknown 
diitaoce beneath the warea, and aeeuiing tbe ruin of some aneienl work 
of art, too mighty for mui, and therefore referred to the gianta. Hera 
also ia a cave of consideratate extent. Geological Traiuaaioita. CoL 
4. Jfev Stritt. 

Rem. 3. Wbena trapveia,ordyke,lsco1uninar, the coluinnaofteotie 
borixontal, or rather perpendicular io the sides of the vein : and thus tl 
produced a wall of atones, regularly fitted to one anuther and laid up, ap- 
puent]/ by man -. while often a deconiposition of the surface! of tM 
blocki, produces a powder resembling disintegrated mortar. A wall of 
th'a sort was formerly discovered in Rowan Count;, North Carolina, 
which projected above the rock which it traversed, in consequence of the 
deeaj of the lock, and it was lor a long time confidently believed 
7* 
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t» be a work of homan skill, proriop the former existence there of a 
pr>werful and ciyilized (people. Dykes of this description are rerjcMD- 
njon in the state of Maine. 

lUmatk. 4, Greenstone colnmnv standing upright, or leaning only a 
few dtf'grees, are quite common in North America; and form some of 
our most interesting scenery. The most extensive formation of this 
sort appears to be in the country west of the Kocky Mountains, where 
the Columbia ri?er passes through mountains of trap, (not improba- 
bly of basalt,) from 4(Ki to 1000 ieet high ; and where several succes- 
sire rows of columns are superimposed upon one another, separa- 
ted by a few feet of amygdaloid, conglomerate, or breccia. Parker's 
Journal of anExploriag Aur keyand ike Rocky Mountains, p. 208. /tAt- 
ca, IKV^. 

7'he Palisadoes on the banks of Hudson riyer are another example 
of (Tree nstone columns. They exist also, on Penobscot riyer; and 
yery perfect examples occur on Mount Holyoke and Tom, on Connect! • 
cut river, an example of which has been given in Fig. 36. 

Prin. The columoar stracture of the trap rooks, has resulted 
from a sort of crystallization while they were cooling under 
pressure from a melted state. 

Proof, 1. Precisely similar colamns are foand in recent lavas. 
( Wonfiers of Oeokgy Vol 1. p. 348, 250, wnd Vol 2. p. 640.) 
2. Mr. Gregory Watt melted 700 pounds -of hasaltand caused 
it to cool slowly ; when globnlar masses were formed, which 
enlarged and pressed against one another until regular columns 
wore the result. BakmoelUs Oeotog^^p. 146.^ - 

8. iSefptnttHBm 

Dcscrip, This rock has been already described in the sec- 
tion on the stratified rocks, and |he reasons stated for placing 
it among the stratified as well as unstratified rocks. 

Dfacrip. Diallase Rock, which is the Euphotide of the French, the 
(iabbro of tho Italians, Hod some Ophiolites of Brongniart, is essential* 
\y composed of feldspar and diallage : but it sometimes contains ser- 
pentine, mica, and quartz. Diallage and Serpentine are yery nearly al- 
iiod. Ophite is a green porphyritic rock, with a base of hornblende and 
feldspar, (the former greatly predominating,) and containing crystal's of 
liornbltMido. It passes into Serpentine by a mixture with talc Ophi- 
calce (French) is composed of limestone and serpentine, with talc and 
chlorite. Under this rock is arranged the beautiful verd antique marble 
such as occurs in Newbury and Middlefield in Massachusetts, and at 
Now Haven and Milford in Connecticut. BrongniarVs Tableau des Te- 
raina S^e. p. 335. CipoUn is a saccharine limestone which contains mi* 
ca, or talc, as a constituent. This forms several interesting varietiesi 
of marble. RozeVs Traite Elementaire de Geologie, p, 181. Tome 1. 
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9. Lava, 

Destrip, Lava, as remarked in another place, embraces all 
the melted matter ejected from volcanos : and the two miner- 
als feldspar and augite, constitute almost the entire mass of 
these products. When the former predominates, light colored 
lavas are the result : virhen the latter, the dark varieties. The 
former are cdW^A feldspaihic or trachyticy and the latter, augi" 
tic or basaltic lavas; 

Remark. 1. Other simple minerAls occur in lava. Thus in the pro- 
ducts of Vesuvius alone, not less than 100 species have been detected ; 
but they form so inconsiderable a part of the whole mass, as not to de- 
serve consideration in a general view, like the present. 

Descrip. Trachytic Lava corresponds in most of its char- 
acters to the trachyte of the older igneous rocks. When cool- 
ed under pressure, solid rock results ; but when cooled in the 
air, it is porous fibrous and light enough to swim on water, as 
is the case with pumice, large masses of which are found some- 
times in the midst of the ocean. Sometimes it is porphyrltic, 
like the older trachytes. 

Descrip, In like manner the basaltic or augitic lavas exceed- 
in^y resemble the more ancient basalt ; and are -in' fact the 
fame thing, produced under circumstances a little different. 
When cooled under pressure, compact basalt is the result ; but 
cooled in the open air, are scoriaceous or vesicular, and 
they are usually called Scoriae. 

DescHp, Grreystone Lava, is a lead grey or greenish rock, 
intermediate in composition between basaltic and trachytic 
lavas : but the feldspar predominates, being more than 75 per 
cent. When albite takes the place of common feldspar, the 
lava is denominated Andesitic, 

Descrip. Vitreous Lava, has a fracture like glass. Ohridiah seems to 
be merely melted glass. Pitehstone is less glassy, with an aspect more 
like pitch. It is usually composed of feldspar and augite and oflen 
passes into basalt. Its composition however varies. 

Descrip, The small angular fragments and dust of pumice, 
(which is vesicular trachytic Lava,) and of scoriae, (which is 
vesicular basaltic lava) which are produced by an eruption, 
falling into the sea, or on dry land, and mixing with sand, grav- 
el, shells, &c. and hardened by the infiltration of carbonate of 
lime or other cement, constitute the substance denominated 
Tuff, When this rock occurs with trap, it is called TVap Tuff; 
and when with modern lava, Volcanic Tuff, If it contain large 
and angular fragments, it is called Volcanic Breccia, When the 
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fragments are much rolled, the rock is a T\tfaceous Conglomtr" 
ate. The basaltic tuffs are denominated by the Italian geolo- 
gists, Peperino : A kind of mud is poured out of some vol- 
canic craters, which forms what is called Trass. 

Descrip. Sometimes, especially at the great yolcano of Kairauea, on 
the Sandwich Islands, when lava is thrown into the air, the wind spins 
it out into threads, resembling flax, and drives it against the sides of 
the crater. This is called Volcanic Glass : and by the natives of the 
Sandwich Islands, Pelt's hair : Pele having formerly been regarded as 
the presiding divinity of the volcano of Kairauea. 

Descrip. Other substances ejected from volcanoes are frag« 
ments of granite and other rocks, scarcely altered j cinders 
and ashes of various degrees of fineness, which are often con* 
verted into mud by the water that accompanies them ; also 
sulphur in a pure state ; various salts and acids ; and several 
gases ; among which are the hydrochloric, sulphurous, and 
sulphuric acids ; alum, gypsum, sulphate of iron and magnesia, 
chloride Qf sodium and potassium, of iron, copper, and co« 
bait . chlorine, nitrogen, sulphuretted hydrogen, &»c. &.c. 

Descrip. The unstratified rocks as a general fact, are more 
fusible than the stratified ; and of the unstratified the fusibility 
increases in passing from granite along the scale to modern 
lava. This is owing to the fact that the quantity of lime, and 
sometimes of alkali, is greater in the more recent rocks ; for 
these substances act as a flux. 

Relative Age of the Rocks. 

Prin. In the stratified rocks the relative age of the different 
groups is determined hj their superposition ; the lowest being 
the oldest r but in the unstratified rocks, there is reason to be- 
lieve a reverse order exists : that is, the oldest member of the 
series lies immediately beneath the stratified rocks ; th6 next 
oldest beneath this ; and so on, till we reach the lava of exist- 
ing volcanos; which probably comes from a greater depth in 
the earth than any other unstratified rocks. 

illustration. Fig. 37. will more clearly illustrate this proposition. 

Prin, The ages of the unstratified compared with those of* 
the stratified rocks, are determined by ascertaining how far the 
former have intruded upward among the latter. 

Illustration, If for instance, we never find the veins oi a particular 
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Fig. 37. 




Section ofthi Retatint Jlge of the UnMtr<aified Rocti 



ifnefJDi tock Bbootinf apward higher than the primary rocks, we ma^ 
infer that it ia older thin the Becondi.r; strata, bul newer than the pri- 
marj : becaaae the latter must have eiiited prior to the intrusion of the 
nnatratilied lock. And ■□, if an igneoas rock is intruded onlj into tb« 
primary and secondarj atnta, we may infer that it is older than the ler- 
tiaiT atrata, a&d newer than the accondarj : and ao on with the EToapl 
■till higher. Hence the igneous rocks a, a, Fig. 37. formed during the de~ 
position of the primary strata, whose veina extend no higher than those 
strata, may be called, {to sdopt the phrMeology of Mr. Lyell) the PH- 
mary Plutanic : those during th£ deposition or the secondary strata, b, 
b, wnose veins do not enter the tertiary seriea, the Seeondary Platonie ; 
those during the deposition of the tertiary strata, c, c, the Terliary Ptu- 
liMu:.- and lava from active Tolcanoes d, d, the Recent Plutonic. 

Des.la reality, however, wedb not find varieties ofutiBtraliS- 
ed rocks whose veins are thus distinctly confined to each at tha 
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great classes of rocks, though there is e?idence that volcanic 
agency was active during all the periods of their deposition. 
But the same igneous rock appears to have been ejected at dif- 
ferent epochs. Granite, however, seems to have great I j pre* 
dominated during the first or primary period ; and is found only 
occasionally during the secondary period ; though in a few in- 
stances (at Weinbohla) sienitic granite has been protruded 
through the chalk, but never among the tertiary strata. Por- 
phyry appears to have been mostly confined to the period of the 
latest primary, and the older secondary (transition) rocks. Trap 
rock predominated in the secondary and tertiary periods, while 
volcanic rocks, in the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Remark. It is obvious, that with the exception of laya, the above 
rule for dcterminiiigr the relative Agt of the stratified and unstratified 
rocks, docs not show us when the Tatter began to be erupted, bat only 
when their eruptions ceased. 

Inference. From the phenomena that have been detailed re- 
specting the unstratified rocks, it has been inferred that the 
condition of the earth, both internal and external, must have 
been diflferent at different epochs; so as at one period to be 
peculiarly favorable for the production of granite and sienite, 
ot another of porphyry, at another of trachyte, at another of ba- 
salt, and finally at another of the lava of extinct and active volca* 
noH ; and hence, that the older igneous rocks, (ex. gr. granite, 
sienito, 6lc.) are no longer produced, except perhaps in the 
deep recesses of the earth. 

Proof. 1 . The greater abundance of granite arid sienite associated with 
the primary than with the newer strata, and of trap and volcanic rocks 
with the hiffher formations. 2. The almost entire identity between 
tho chemical constitution of granite and the primary stratified depos- 
itrs indicates some general and common cause for the origin of both : 
while the difference of ultimate constitution between granite and the 
newer stratified rocks, particularly in the greater i]aantity of lime ii| 
the latter, indicates a difference of origin. 3. The gradual and insensible 
passage, on an extensive scale, of granite into gneiss, hornblende, slate 
and mica alate, indicates some general cause for their production, and 
that the diversity existing between them, has resulted from slightly 
modifying circumstances : while no such transition of any coosequenco 
between granite and the newer stratified rocks has eyet been discover'* 
ed. 4. Granite and the trap rocks differ so much in chemical cobstitU'* 
tion, as to show that they must have originated from difierent masses of 
matter. Thus, granite contains about 20 per cent, more of silica than 
greenstone; about 3 per cent, less of alumina; 8 per cent, less of mag^. 
Assia i 7 per cent, less of lime ; and two per cent less of oxide of iron. 
5* The correspondence between the chemical composition of the fos- 
•lUferottS stratified and the trappean and volcanic rocks : that is, wo 
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find in both olasses adiminulion of silica and an increase of alumin^, 
magnesia, and lime. 6. In consequence of containing much more of 
silicate of lim'e, the trap rocks are more fusible than the granitic : so 
if we admit that the internal temperature of the earth has diminished, w^ 
might expect that the former would remain in a melted state afler the 
latter had all been consolidated. Dela Beche's Theoretical Geology, p, 206. 

Opposite Hypothesis, ** Granitic and trap rocks pass into 
each other, and are merely 'different forms which the same el- 
ements have assumed according to the different circumstances 
under which they have consolidated from a state of fusion." — 
'' The great pressure of a superincumbent mass, and exclu- 
sion from contact with the atmospheror and perhaps with the 
ocean, are some of the conditions which may be necessary to 
produce the 'granitic texture." "They (Plutonic rocks) 
may have been produced in nearly equal quantities, dur- 
ing eqiial periods of time, from the earliest to the most mod- 
ern epochs, instead of diminishing in quantity at each sac^^ 
cessive epochs as some geologists pretend." LyelVs Princi' 
pies of Geology, vol 2. p, 481 — 482—483. 

Geoldgicai Maps and Sections, 

Deserip. Common or physical maps form the basis of ge- 
ological ones: and when. the former are inaccurate the latter 
must be so too. Tbe chief difference between them is that on 
a geological map the different rocks found in the region de- 
lineated are shown either by dots, crosses, circles, &c. or more 
usually by colors. The only exception is, that when the nature 
of the subjacent rock can be determined, diluvium is usually 
omitted. 

Deserip, Some geological inaps designate only the classes 
of rocks : but these are very imperfect, and the best maps show 
the extent of each rock. 

Deserip. The dip of the strata (which of course determines the 
strike,) is sometimes shown upon a geological map. This is usually 
done by an arrow, which points in the direction of the inclination. If 
the strata are perpendicular, it may be represented by the lines crossing 
at right angles ; one of which is shorter than the other. If tbe two 
lines are equal, so as to form a cross thev indicate horizontal strata. 
An anticlinal axis is shown by a straight lin^ crossed by an arrow with 
two heads. Where the strata undulate a good deal, the body of the 
arrow may be crooked. De la Becke's Manual of Geology, p. 602. 

Rem, The best geological maps hitherto published in Europe, are 
Greenough's Map of England and Wales; Elie de Beaumont's and 
Dufrenoy's France ; Hoffman's North Western Germany ; and Oeyn- 
hausen, La Roche, and Von Dechen^ Rhine. In this country IMac- 
lure's Geological Map of the United States, although it exhibits onl^ 
the great classes of rocks, yet considering the early period at which it 
was executed, most be regarded as very valuable and a work of im- 
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nusn»ti labor. The f eological sonreji dow goin^ on in most of the 
HUUf, Umwe flreaily prodaced map* of MaMachosetts, Rhode IsUnd, 
New Jerney, and TenneMee ; and others are in a state of ^reat forward- 
ness. 

Dnrrip. A Geological Section represents a vertical cot in 
tlio earth's crust, so as to exhibit to the eye the rocks in their 
natural and relative situation. The most valuable sections of 
thJH sort are those copied from cliffs, on the sea coast, or the 
banks of rivers. But usually it is necessary to construct them 
from what wo can learn of the rocks and their dip at the sur- 
Ince ; presuming that they continue the same to the depth of 
the section. Such sections, therefore, are somewhat ideal : 
but if carefully constructed, we may be sure that we are not far 
from (ho truth. 

Dvncrip, It is usually necessary to employ two scales in con- 
Ntrur.tinK soctions: one for heights, and the other for horizon- 
tal diNlaucoH : otherwise the sections must be of great extent, 
nr (lin lioi^hti would be scarcely perceptible. On the other 
IinimI, two Hoales produce distortion : So that great caution is 
niMM^HKnry, not only in the construction of Sections, but in draw- 
ing intoronces from them. 
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SECTION V. 

PAIi^:ONTOLOGY, OR THE SCIENCE OP ORGANIC REMAINS. 

I)vf. In all the stratified rocks above the primary, more or 
li^HH of the relics or traces of animals and plants occur, some- 
tinioH called petrifactions, but more commonly. Organic Re- 
mains. 

Def, That branch of Geology which gives the history of 
these remains, was formerly denominated Oryctology : but is 
now called PalcBontology. 

1. General Characters of Organic Remains, 

Descrip, In a few instances, animals have been preserved 
entire in the more recent rocks. 

Example. About the beginning of the present century the entire 
earcass of an elephant was found encased in frozen mud and sand in 
Siberia. It was covered with hair aiid fur, as some elephants now are 
in the Himalayah mountains. The diluvrum along the shores of the 
Northern Ocean, abounds with bones of the same kind of animals : but 
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the flesh is rarely preserved. Cuvier^s Essay on the Theory of the Earthy 
p. 353, J^ew York, 1818. De la Btches Manuul of Geology, ^p. 200. In 
1771 the entire carcass of a rhinoceros was dugout of the frozen gravel 
of the same country. Bdkeweirs Geology, p. 231 i 

Descrip, iPrequently the harder parts of the animal are pre- 
served in the soil or solid rock scarcely altered. 

Remark. Many well authenticated instances are on record, in which 
toads, snakes, and lizards, have been found alive in the solid parts of 
living trees, and in solid rocks, as well as in gravel, deep beneath the 
surface. But in these instances the aniinals undoubtedly crept into such 
places while youn?, and after being grown, could not^get out. Being 
very tenacious of life, and probably obtaining some nourishment oeoa- 
•ionally by seizing upon insects that might crawl into their -nidus, they 
might sometimes continue alive even many years. But such examples 
cannot come under the .denomination of organic remains. ,See an in- 
teresting paper on this subject by Dr.Backland, in the American Jour^ 
nal of Scieneej f^oL 23. p, 272. 

Descrip, Sometimes the harder parts of the animal are par- 
tially impregnated with mineral matter ; yet the an\mal matter 
is still obvious to inspection. 

Descrip. More frequently, especially in the older secondary 
rocks, the animal or^ vegetable matter appears to be almost en- 
tirely replaced by mineral matter, so as to form a genuine /m^- 
rifctciion. 

Remark, Probably in every case, however, a. chemical process would 
•how the presence of considerable organic matter. Parkinson's Organis 
Remains of a Former World, Vol. 2. p. 2d4, 

Descrip. Sometimes after the rock had beconie hardened, 
the animal or plant decayed and escaped through the pores of 
the stone, so as to leave nothing but a perfect mould, 

Descrip. Ailer this mould had been formed, foreign matter 
has been infiltrated into it through the pores of the rock, so as 
to form a cast of the animal or plant when the rock is broken 
open. Or the cast might have been formed before the decay 
of the animal or plant. . 

Descrip. Frequently the animal or plant, especially the lat- 
ter, is so flattened down that a mere film of mineral matter 
alone remains to mark out its form. 

Descrip. All that remains of an animal sometimes is its track 
impressed upon the rock. 

Descrip. The mineral izer is most firequently carbonate of 
lime : frequently silica, or clay, or oxide, or sulphuret of iron, 
and somtimes the ores of copper, lead, d&c. 

2. Nature and Process of Petrifaction. 

Def. Petrifaction consists in the substitution, more or less 
8 
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complete, by chemieal means, of mineral for animal or vegeta- 
ble matter. De la Beckers Theoretical Geology, Chapter 13. 

Descrip. The process of petrifaction goes on at the pre- 
sent day to some extent, whenever an animal or vegetable sub- 
stance is buried for a long time in a deposite containing a 
soluble mineral substance that may become a minerolizer. 

Example. 1. Clay contain'mg aulphate of iron, will, in a few years, 
or even months, produce a very perceptible change towards petrifac- 
tion in a bone buried in it. Baketoell's Geology, p. 19. Some springs 
also, hold iron in solution; and vegetable matters are in the process of 
time thoroughly changed into ojcide of iron. This is seen often where 
bog iron ore is yearly depositing. 

£x. 2. M. Goppert placed tern leaves carefully in clay, and exposed 
the clay for some time to a red heat, when the leaves were made to re- 
senihle petrified plants found in the rocks. tVonders of Geology, Vol. 2. 

p. 5GI. 

Hypothetical Erample. 3. M. Patrin and Brongniart suggest that the 
petTifyintr process may sometimes be effected << suddenly by the combi- 
nation of*ga»eous fluids with the principles of Organic Structures.** 
Wondrrs of Gtology^ Vol. 2. p. 55t). Some facts render this probable. 
For steins of ««otl and succulent nature are preserved in flint; and the 
vouiii; Iravos of n palm tree in a state just about to shoot forth, have 
been found completely silicified. Lyell's Elements of Geology, p. 89. 

[^, J/*'rt»»* ftf determining the Nature of Organic Remains, 

priH* The first requisite for determining the character of 
orivnnio romains, is an accurate and extensive knowledge of 
xuolo>ry and botany. This will enable the observer to ascer- 
tain whether the species found in the rocks arc identical with 
tlioso now living on the globe. 

/Viw. The second important requisite is a knowledge of 
(-om|>:irntivc Anatomy : a science which compares the anato- 
my of (iidV'ront animals and the parts of the same animals. 

liftHnrk. I. This recent science reveals to us the astonishing fact, 
tiMl i»t> inatlKMiiatically exact is the proportion between the different 
p%r\* of "i^ animal, <* that from the character of a single limb, and even 
nl* d niii^lo tooth, or bone, the form and proportion of the other boues, 
NUii Hm' condition of the entire animal may be inferred " — " Hence, not 
oiUv ''"' f'*a»ne work of the fossil skeleton of an extinct animal, butal- 
no th«* <!haracter of the musclos, by which each bone was moved, the 
i»xloriiiil form and figure of the body, the food, and habits and haunts, 
lllil iu<*il» **f lifii of creatures that ceased to exist before the creation of 
the hixuiinraco, can with a high degree of probability.be ascertained." 
flm*khinfrs Rridgewatrr TretUhe, Vol. 1. ».109. See also Cuvier's Osse- 
miUM tUmaitfn, Tome \. p. 47. Troisieme Edition. 

^pmtirk. 2. It is clear from the preceeding statement, that no indi- 
yliiuiil <-'>" hop" I" possess in himself all the requisites for successfully 
f|itlt«rii>i>H"g <»rg>inic rcmnins. For the field is too large for any one to 
|l4lpi« ill iMMjfiinu familiur with ^11 its parts. Hence, at this day, it is cus- 
trtlUiiy '"'* ^^"* gfologint to resort for aid to the botanist, the zoologist, 
^"^|Uliipttruliv(* anutoinist. 
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4. Classification of Organic Remmlns, 

Prin. Organic remains may be ^ivrded, according to their 
origin, into three classes: 1. Marine. 2. Freshwater. 3. 
Terrestrial. 

Remark. 1 . The last class appear in o^iost iDstance^ wkere they oc« 
cur to have been swept down by streams from their original situation 
into estuaries} .where they were mixed with organic i'elics. Some- 
times, perhaps/ they were quietly scrbmergfed by the subsidence of the 
land. 

Remark. fL The following tabid will show the' origin df the renitins 
in the different groups of fossiliferous^ rocks. 

Cambrian and Silurian Systemis if Marine* 

(Gray wacke) > • ' Aarely Terrestrial. ^ 

Old Red Sandstone. Marine. 

CitrbAniferoasLamestane. Oo. 

Coal Measures, Terrestrial Estuary Deposites 

and. submerged land.. Rarely perhaps fresh water qeposites. 

New Red l^ahdstone Group. Martn'd. 

Oolitic Group. Mostly Mai'ine. 

but in a few instances Terrestrial. 

Wealden Ro^ks. Estuary Deposite. 

Cretaceous Group. ' ., Marine. 

Tertiary Strata. . ^ Marine and Fresh Water, 

Diluvium. - Terrestrial. . 

Inference. It appears from the preceding statements that 
by far the greatest part of organic remains are of Marine ori^ 
gin. Nearly all the terrestrial relics, Indeed, and maAy of 
fresh water origin, have been deposited beneath the waters of 
the ocean. 

5. Amount of Organic Remains in theJSarth^s Crust, 

Descrip. The thickness of the fossiliferous strata in Great 
Britian, as has always already been given in former Sections, 
so far as ascertained, is as follows. 

Tertiary Strata 1350 feet. 

Chalk 600 Do. 

Green Sand. 480 Do. . 

Wealden Group • 900. Do. 

Oolite — mean thickness 1230 Do. 

Lias ^ 1050 Do. 

New Red Sandstone 900 Do. 

Magnesian Limdstooe 300 Do. 

Coal Measures 3000 Do. 

Miibtone Grit. 900 Do. 

Carbonifefrous Limestone 1800 Do. 

Old Red Sandstone iXf^ \^^. 



M MHtwrnr or oboanic asm aims. 

Hiliifian tlwMn 7470 Do. 

(y^Mitikrifiii lUrcki at leait 9000 Do. 

Totnl 34080 feet or 

rImiii! !-» itiileii. Phillipi* Otology y, 34 ojiJSO. 

lUmkrk. Wii luvn alrffAdy M*en that Prof Rogers makf* the foMU- 
in*rini« fiHikH hi ibif country below the coal measures inclosiTe, 
4U,IHHI rrnt. 

Ihnrnp, (lr({anio remains occur more or less in all the fos- 
ullirttrtiim atralM whoso thickness has been given. As a matter 
III* rrtol, th«y havo been dug out several tboosands of feet be- 
low \\w surfnco. 

Ihntrw. In the Alps, rocks abound in organic remains from 
nOOO to HIMMI r«ot ttlwvo the level of the sea : In the Pyrenees, 
Hourly aa high ; and in the Andes, at the height of 14000 

IVitfWfi. Frequently beds or layers of rock, many feet in 
lh(oKui»M» apl>0ar to be made up almost entirely of the remains 
ol auiiualit «>r plants : Indeed, whole mountains, hundreds and 
p\t^\\ liu^UMiida of feet high, are essentially composed of or- 

uaiuo maH^« 

fK'srri^ Prodigious accnmmulations of the relics of mi- 




Tuscany, Sol- 
100 or 500 of 

ii^N^ v^><gH^^ *^^^y <^ single grain; and of one species it took 1000 to 
vma^sMMT Weight. These were marine shells. Buekland^s BridgeuMt' 
^ tV«4llMNi Vol. I. p. 117. 

^'^. ^ In fVesh water accumulations a microscopic crustaceous animal 
y^l^vvl Ih^ Cypris, often occurs in immense quantities ; as in the Hast- 
SHM« HaixI snd purbeck Limestone in England, where strata 1000 feet 
\^\'^\ Nfti filled with them : and in Auvernge ; where a deposite 700 feet 
^l^i^lki over an area 20 miles wide and 80 in length, is divided into lay- 
^« M tliln as paper by the exuvis of the Cypris. Same Work p. 118. 

fii4. W Hut perhaps the most remarkable example is that derived from 
||««i riMii^nt discoveries of the Prussian naturalist Ehrenberg, respecting 
lllii t\iNHil remains of animalculsB. In one place in Germany is a bed 14 
1^\ think, made up of the shields ofanimculs so small that it requires 
41-000 000.000 of them to form a cubic inch : and in another place, a 
iliiiilar bed is28 feet thick. In Andover Massachusetts, is abedcom- 
u<is<«d of the siliceous shields of infusoria (of a somewhat larger size 
(ban those mentioned above,) 15 feet in thickneas ; and similar beds oc- 
niir all over New England and New York. But more of this farther 
mi. 

Descrip, It is a moderate estimate to say, that two thirds of 
tlie surface of our existing continents are composed of fossil- 
llbrous rocks ; and these as already stated, often sereral thou* 
•and foet thick. 

Hfimark. 1. This estimate might, without exaggeration, be confined 
|o strata that oontain marine ezuylte :--<that is, such M were deposiie4 
bsnoath tUs oot an. 
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Rem, 2. After all, the preceeding «tatement8 convey but a Yerj im- 
perfect idea of the amount of organic relics in the rocks. To ob- 
tain a just conception of their vast amount, a person must visit at 
least a few localities. 

6. Distribution of Organic Renutins. 

Descrip. Existing animals and plants are arranged into dis- 
tinct groups, each group occupying a certain district of landDr 
water ; and few of the species ever wander into other districts. 
These districts are called Zoological and Botanical Provinces : 
and very few of the species of animals and plants which they con- 
taiq, can long, survive a removal out of the province where 
they were originally placed; because their natures cannot long 
endure the difference of climate, food, and other changes to 

which they must be -subject. 

Rem. 1. Although naturalists are agreed in maintaining the exist- 
ence of such provinces, yet they have not yet settled their exact num- 
ber ; because yet ignorant of the plants and animals in many parts of 
the earth. Dr. Priohard proposes ^ven for the animals. Pk^sieal His* 
tory of Mankind Vol. 1: pp. 68 — ^, third edition. Mr. Swamson esti- - 
mates them at five. Dr. John Py^ Smithes Congregational Lecture on 
Scripture and ireoiogyy p. 73. Bory St. Vincent makes five for the 
mammalia alone Vidionaire Classique D* Hiatorie JfatureUe^ Tome 
Septieme p. 300. Some have reckoned ad many as eleven .* but what 
makes it very difficult to determine the point, is, that the boundaries of 
these provinces for different classes of animals does not always coin^ 
eide. Messieurs de Decandolle^ father and son, reckon the Botanical 
Provinces at twenty -seven. But Prof. Henslow estimates them ap- 
proximately at forty five. Dr. Smitk*s Scripture Geology p. 73. Oh 
this difficult subject, see the Frentk Dictionary of Js'atural History 
above referred to, JJrticle Geographic : J3l$o Fleming*8 Philosophy of 
Zoology Vol, 2. Also LyeWs Principles of Geology Vol. 2. Also Prick' 
ard's Physical History of man Vol, 1. ^. ^c, 

Descrip. Sometimes mountains and sometimes oceans seperate these 
disCricts on the land. In the ocean they are sometimes divided by cuv- 
rents or shoals : But both on land and in the water, difference of cli- 
mate forms the most effectual barrier to .the migration of species : since 
it is but a few species that have, the power of enduring any great 
change in this respect. 

Descrip. In some iustances, organic remains are broken and 
ground by attrition into small fragments, like those which are 
now accumulating upon some beaches by the action of the 
waves : But oflen the most delicate of the harder parts of the 
animal or plant are preserved ; and they are found to be group- 
ed together in the strata very much as living species now are 

on the earth. 

Illustration. In a fossiliferous formation of any considerable thick- 
ness, we usually find somewhat such an arrangement as the following. 
The whole is divided into many distinct beds of different thicknem. 
At the bottom, perhaps, we shall find a layer of argillaceous or siliceous 
roQk| with few or no remains : then will succeed a layer, |^cb.«:i^ «i;sX^»r 

8* 
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reous, fall of them in a perfect state : next a layer of sand, ot o)ay) Or 
limestone, containing none : next a layer made up of the fragments of 
rocks, animals, and plants, more or less comminuted : scxt a layer of 
fine clay : then a layer abounding in remains : And thus shall we find 
a succession of changes to the top of the series. 

Inference, From these facts it is inferred, that for the most 
part, the imbedded animals and plants lived and died on or near 
the spot where they are found ; while it was only now and then, 
that there was current enough to drift them any considerable 
distance, or break them into fragments. As they died, they 
sunk to the bottom of the waters and became enveloped in mad, 
and then the processes of consolidation and petrifaction went 
slowly on, until completed. 

Remark 1 . So -very qaietly did the deposition of the ibsstlifbroiM 
rocks proceed in some instances, that the skeletons and indusiiB of mi- 
oroscopic animals, as we have seen, which the very slightest distorbcnce 
must have crushed, axe preserved uninjured; and Kequently all the 
shells found in a layer of rock, lie in the same position which similar 
shells now assume upon the bottom of ponds, lakes and the ocean : 
that is with a particular part of the shell uppermost. 

Remark 2. Were the bottom of our existing oceans and lakes, where 
mud sand and gravel have been accumulating for ages, and enveloping 
-the animals and plants that have died there, or been drifted thij^h- 
er, were this to be now elevated above the waters, we should find 
exactly such an arrangement of organic remains, as we find in it 
particular formation of the solid rocks* While there would be a 
resemblance between the, relics in different seas and lakes, there would 
be great specific diversity; just as we find in different groups of rocks 
in different countric'S : and hence the conclusion seems fair, that these- 
rocks with their contents had an* origin similar to the deposites li<»w 
forming at the bottom of existing bodies of water. 

Remark, 3. In the existing wafers we find that different ani- 
mals select for their habitat different kinds of bottom : thus, 
oysters prefer a ipuddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks : So it is among the fossil remains : an ad 
ditional evidence of the manner in which they have been 
brought into a petrified state. Philips' Geology, p, 63. 

Prin. There is reason to believe that the temperature of the 
globe in early times was much higher than at present ; and of 
course more uniform over its surface : and hence the ranse of 
particular species of animals and plants might then have been 
more extensive than at present ; and the number of footanjcal 
and zoological provinces less numerous ; and this inference is 
sustained by the facts of fossil geology. 

Descrip, In a particular district we find but little change 
in the character of organic remains, as we ascend or descend 
in the series of rocks, -until there occurs a change in the na- 
ture or mode of deposition of the rock. Then we find new 
species introduced, and more or less of the old ones disappear- 
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ing. Somelimes the change of species is gradual and some- 
times sudden, corresponding to the change in the rock. 

Prin, In comparing organic remains from different forma- 
tions, it should be recollected that they may belong to the same 
class or order, or genus, and yet be widely diflferent from one 
another : and that it is only when they are of the same species, 
that they are identical. 

Descrip, If we compare together the remains of the Cre- 
taceous formation, the red sand stone formation, the carboiv- 
iferous system, and the Silurian formation, in different parts of 
England, we shall find that those most remote from one another 
in locality, differ most widely : hut almost without an exception, 
those in each formation are specifically distinct from all those 
in the other formations. PMUips* Geaiogy^p. 51. 

Descrip, If we compare the fossils of 4he Tertiary and Sec- 
ondary Classes of rocks, we shall find that they hare no speeies 
common, so far as has yiet been ascertained, either of aninial 
or plant, LyelTs Geology, Vol 3. p. ^1, First Ed. 

Descripr If we examine a formation through its whole extent, 
we shall rarely find that any species of organic remains^ is uni- 
▼ersally diffused, unless the extent of the formation be quite lim- 
ited. If we compare the same formation in different countries, 
the specific resemblance between the organic contents will di- 
ininish nearly in the inverse ratio of the distance between them. 
Phillips' Treatise on Geology from Ency, Brittan, p. 52. 

Examples. In E&rypt the cretaceous rocks contain different fossils 
from the chalk of ICngland : and the same is true of the chalky roek» 
oa the Boatbern faces of the Alps. More than a hundred species of 
orgranic relics have been described in the rocks of the United States, 
which are supposed to correspond with the chalk fbrmatix>n in Europe : 
yet only two er three species are identicaL Morton's Synopsis of the 
Organic Remains of the Cretaeeous Group of th& United States y p. 83. 
PkHadelphia. 1834. PbUlips Qeol4>gy, p. 156. 

Remark 2. In a few instandes particular species have a very wide dif- 
fusion in contemporaneous rocks. The Belemnites mMcronatvsia found 
in nearly every chalk ^deposite in £urope. The trilobite, Calymen9 
Blumenbachiiy and the coral, Cateniporay are found at most localities of 
Silurian limestone in Europe and North America. 

Prin. Families and genera that were cotemporaries, appear 

to have bad a very wide geographical diffusion, as they haye 

among existing animals and plants : but for the most part, 

species occupied but a narrow geographical area. Philip^s 

Treatise on Geology, p. 53. 

Example. Specifically unlike as are the orgranic contents of the cre- 
taceous formations in Europe, and North America, yet the same genera 
(ex. gr. Exogyra, Gryphaea, Baculites, Belemnites, Qcaphites,and Am- 
monites,) abound, and even between the species there is a cIq«i& 'OBOir 
mlbgy. \ 
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Prin. Judgincr from the distribution of living animals and 

plants, contemporaneous formations in widely separated portions 

of the globe may contain organic remains very much alike, or 

very much unlike. 

Illustration* Comparing the marine animals on the coast of the United 
States with those on the shores of Europe, we find at least 24 species 
of shells common to bolh, and no reason can be assigned why as close 
a resemblance might not have existed at earlier periods. Morton's Syn- 
opsis, p. 83. On the other hand, how nnlike are the animals and plants 
of New Holland and its coasts, to those of Europe or the United 
Stotes. 

Prin, Rocks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Proof. The causes that have produced changes of organic life ma^ 
have operated sooner upon some parts of the globe than upon others . 
80 that particular animals and plants may have continued to be deposi* 
ted in some spots longer than in others. 

Remark. Probably, however, such a diversity in different parts of the 
globe could hot have continued ver^r long, so that rocks with the same 
organic remains may be regarded as not differing greatly in age : and 
besides, as already stated, there is. reason to suppose that in earlier times 
there was greater uniformity of climate and condition on the globe than 
at present. 

Inf. From all that has been advanced, it appears that an 

identity of organic remains is not alone sufficient to prove a 

complete chronological identity of rocks widely separated from 

each other : "but it will show an approximate identity as to the 

period of their deposition ; and in regard to rocks in a limited 

district, it will show complete identity. 

Proof. Identity of organic remains proves only the existence of sim« 
ilar conditions as to climate, food, i^., but in remote regions of the 
globe these conditions may have existed at different periods, though not 
probably separated by long intervals ; and therefore, the identity is ap- 
proximate : that is, deposites containing the same organic remains were 
produced ateias not widely remote from each other. . But in respect to 
limited regions of a continent, much difference of climate could not 
have existed at the same time ; and therefore, an identity of organic 
remains proves the synchronism of the deposites containing them. 

Prin. If the mineral character of two rocks agree, as well as 

their organic contents, their synchronism will be shown to be 

more probable. But on the other hand, a want of agreement 

in the mineral characters, ought not to be regarded as proof 

that they were not contemporaneous. 

Proof. The mineral composition of rocks, forming in regions very 
remote, must have been subject to as great diversity^ as their organic 
contents. But if their mineral composition is the same, it increases 
the probability of their synchronal deposition. 

Prin. Still stronger evidence of synchronism is obtained 
when rocks agree in the their superposition, as well as in the 
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characters above named. This character, indeed, when it can 
be applied is very conclusive : but in remote regions it is ap- 
plied with great difficulty. 

Rem. The identification of strata in widely separated regions is one 
of the most difficult problems in geology ; and one where there is gretA 
room for the play of fancy. Probably American geologists have exhib- 
ited too much ai|ziety to identify the strata of this country with those 
of Europe. De la Beche's Theoretical Geology. Chapters 11. 12. 13. 
LyelVs Elements of Geology Chapter 13. 

Tabular View of Organic Remains, 

TaUe. The following Tabular view of the Organic Remains in the 
different formations, will show how the different families of animals 
and plants are distributed in the rocks. It is derived from the latest 
authorities, within my reach. But it will be seen by the references be- 
neath the Table, that these authorities differ widely in their dates ; so 
that some of the numbers are far more in. accordance with the present 
state of the science than others. Nevertheless, some important infer- 
ences may be deduced from such a table : and therefore I give it though 
confessedly imperfect. I htive added the number^ of living species 
that have been desdribed, so far as I have been able to obtain any esti- 
mates that approximated near enough to the truth to form a basis of 
reasoning. Of course, all the numbers of this Table must be regarded 
as fiilling far below the actual numbers, both of living and extinct 
species. 
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a. ProFesior John Phitlip'B Treati^ on Geologj, 1837. 

b. Adolphe Brongniatl in 182!i. 

c. Lypira Elements and Principles of Geology, 1838. 

d. De la Becbe'a Manual of Geology, Third Edition, 1633. 

e. AiTBsaii. 

h. AJ Brnngnlart. Tableaa dea Terrain*, 1829, . 

i. Bucklnnds' Bridgenrater Treatise, 1636. 

m. Mantell's Wondera of Geology, 183tj. 

n. Mining Review. Deo, 1838, 

o. Ffif. Brona'a Lethaea GEognoalioa, Stuttgart, 1838. 
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Inference 1. From the preceding table we learn that all the 
important classes of animals and plants are represented in the 
difTer^nt formations. 

Inf. 2. Hence we learn that the hypothesis ofLamarkis 
without foundation, which supposes there has been a trans- 
mutation of species from less to more perfect, since the begin- 
ning of organic life o!ithe^h>be: that man,- for instance, be-, 
gan his race as a monad, (a particle of matter endowed with 
vitality,) and was converted into several animals successively ; 
the ourang outang being his last condition — before he became 
man. Lj/clPs Principles of Geology, Vol. I. p. 481. where 
this subject is treated ably and fully. ** The Sauroid fishes," 
says Dr. Buck land, (Bridgewater Treatise, Vol. /, p- ^4,)- 
** oceupy a higher. place in the 9cale of organization than the or- 
dinary forms of bony fishes; yet we find examples of Sauroids 
of the greatest magnitude and in abundant numbers, in the car- 
boniferous and secondary- formationSj whilst they almost 'dis- 
appear and are replaced by less perfect forms in the Tertiary 
Strata, and present only two .genera among existing fiahes.-^In 
this, as in many other cases, a kind of rtirograde develope- 
ment, from complex to simple forms may be said to have taken 
place. '^ 

Inferenrr 3. WeJearn, however, that in the earlier periods 
of the world, the less complex and perfect trib^b of animals and 
plants greatly predominated, and that the mbre perfect species 
became more and mdre numerous up to the creation of the 
present races. • ' • 

Inf. 4. Vegetable life must have commenced on the globe 

nearly as early as animallife. 

Proof. Vegetable reminns jbayeVnot indeed been fouild among the 20 
or 30 species of organic relics discovered in the Cambrian Group of 
rocks : But they occur in the Silurian Group : and it would be prenfa- 
tare to inler their nonexistei^ce in the Cambrian group, until further 
researches arc made among fos»UifcrdU8clay slates : especially since 
the presumption is strong, that marine vegetables must have existed ' 
contemporaneously with marine animals, in- order to fbrnish the Itftter 
with food. Buc/dand's Dridgewater Treatise, Vol. 1. p. 451. PhiUips^ 
Treatise on Geology , Vol. I. p. 128. 

Info. Dry land, capable of pustaining vegetation, must 
have existed soon after the deposition of the.f6ssiliferous rocks 
commenced. 

Proof 1 . Terrestrial Vegetablte retnains occur in rocks of the gray- 
wacke period. 2. The detrital character of the rocks of that group 
makes the existence of dry land daring its deposition almost certain ; 
since rocks entirely beneath the waters are but slightly worn away by 
oceanic currents. 

Descrip. The family of Coniferous Plants is found in the 
earliest rocks, and at each successive change \\v \.V<r ^^K^i^5yJ^. 
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condition of the globe, the nambera of its genera and species 
increased, until it forms among existing plants about one three 
hundredth part of the whole flora, or nearly 200 species. Palms 
also occur, though sparingly, in all the formations. 

Dencrip* The 3()0 species of fossil plants found in and be* 
neath the carboniferous strata, are two thirds tree ferns and gi- 
gantic EquisetacesD. Ten Coniferie, and plants intermediate 
between these and Lycopodiacese, viz. Lepidodendris, Sigil- 
lario), and Stigmarise, together with 10 Monocotyledonous 
plants, form the remainder. Mantelts Wonders of Geology, 
VoL a, p. 668. 

Descrip, Of the 100 species found between the carbonifer* 
ous strata and the tertiary groups, one third are ferns ; and 
most of the remainder are Cycadeae, Conifers, and Liliaceae. 
More of the first named family have already been found fossil, 
than exist at present on the globe. They form more than one 
third of the entire, fossil flora of the secondary formations; but 
less than the 2000ih part of the existing flora. 

Descrip, The plants of the tertiary strata approximate closely 
to the existing flora. 

Descrip, Bdow the New Red Sandstone vascular cryptogamie 
or flowerless plants, greatly predominate, while dicotyledonous 
plants are rare. - In the secondary strata above the coal, there 
IS an approach to equality between these two cirsses : In the 
tertiary strata the latter predominate ; and in the existing flora, 
two thirds are of this clas8» Bucklands Bridgewater Treatise^ 
Vol I. p, 520. 

7. Periods in which different plants and animals began to ap» 
pear on the Globe, and in which some of them became extinct, 

Prin, In general plants and animals began to exist first on 
the globe during the period when the lowest rock in which their 
remains are found was deposited. 

Proof, 1. Those, animals and plants are excepted that are 
too frail to be preserved in the rocks 4 But in respect to all 
others, no reason can be assigned why their remains should not 
be found along with those of other organic beings existing at 
the same period. Particular species, from being less numerous, 
or being less likely to get enveloped in deposites formed by wa- 
ter, (as birds for instance,) may be rarely found in the rocks: 
and therefore, we should not be hasty to infer that a species did 
not exist, because we have not discovered its remains. But if 
a formation has been pretty, extensively examined, the presump- 
tion is strong that few new species will be found in it. 
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2. Comparative anatomy here comes in to our aid. For it is 
found that certain types of organic existence characterize par- 
ticular geological periods : and having ascertained the type for 
any particular period, we may infer with great certainty that 
an animal or plant of a very different type will not be found 
among the organic remains of that formation. Thus, we find 
in general the fossils of the Carboniferous Group to have 
been adapted to a climate of a tropical character : and to ex- 
pect to find in that group animals or plants adapted to a tem- 
perate climate, would be unreasonable ; because the two tribes 
could not have existed in the same climate. 

Descrip, The following is the order in which some of the 
most important animals and plants have first appeared on the 
globe : in other words, the epoch of their creation. It may 
indeed, be hereafter found, when the rocks have been more ex- 
tensively examined, that some appeared earlier. 



Silurian and Cambrian or Gray- 



wa<ike Period. 



'Zoophytes. 

Marine Shells. 

Crustacea (Trilobites.) 

Placoidians and Ganoidians. 

Fishes — (Sauroids and Sharks) with 
heterocercal tails. 

Flowerless Plants. C Marine. 
^ Flowering Plants. ( Terrestial. 



Carboniferous Period. 



Fish.: (Cephalaspis &c.) 
Archnidans : Scorpions. 
Colto'pterous Insects* 
Fresh Water Shells. 
Dicotyledonous Plants — Conifer se; 
(Pines, ^c.) Cycades. 
Monocotyledonotis Plants, Palme, 
Scitamine. 



Red Sandstone Period. 



'Tracks of Birds, Tortoises, and 
Chirotheria allied to Marsnpialia. 
Reptiles : Monitor, Phytosauras, 
Ichthyosaurus, Ple8iosaurus,Mas- 
todonsaurns, Thecodontosauros, 
Palaeosanros. 
Crustacea : Palinurus. 
Pishes : PalcBoniscus, &c, 
^ Dicotyledonous Plants, (Voltzia.) 
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Mammalia s Tfajlaeotherioiii, 

Cetacea : Phascolotberiumi (DidelphTf of Buck' 

l&nd.) 
Reptile*: SauroeephaluB, Saarodon, Teleosaurar, 
Streptospondjlas, MeffaloeacmM, Lacerta nep^ 
tania, iElodon, Rhacneosaunia, Plearosaaru*, 
Geosaoroa, MacrospondyltM, Pterodaotjlaa, Cro- 
cod lie, GaTia], Tortoise. 
OoIi(ic Period. •( Fishes : Pcynodontca and Lepidoidea. (Dapedtam, 

&,c.) with homocercoua taila. 
Arachnidans : Spiders. i 

Insects : Libellulae, Coleoptera. 
Crustacea : Pagarut, Erjon, SycIIanUi Palvmonp 

AstacuB. 
Plants: Cycadea, (Ptezophyllam, Zamia,) Conif- 
. ers (Tbuytes, Taxitea,) Lilia, (BBcklandia.) 
f Birds : Grails, (Tilgate Forest.) 
I Reptiles: Iguanodon/Leptorynohns, Trionjs, Emys, 
Wealden Period. \ Chelonia. 

[ Fishes : Lepidotus, Pycnodcui, dte. Freidi water 
\ and Estuary shells. 
[Reptiles ; Mososaurus, &c. 
., . ^ n • jj Fishes: Ctenoidians and Cycloidians. 
1 relaceoas Period^ ^j^.^^^^^, Arcania, Ety®a, Coryster. 

I Plants : Confervae, Naiades. 

I Mammalia, 1. Eocene Period, 50 species: — VildB- 
otherium, Anoplotfaeriam,Lophiodon, Anthraco- 
^herium, Cheroptamns (allied to the hog) Adapis 
(resembling the hedgehog) Carnivora : Bat, Can is 
(Wolf and Fox) Coatis, Racoon, Genette, Dor- 
mouse, Squirrel. Reptiles: Serpents. 
Birds: Buzzard, Owl, Quail, Woodcock, Sea Lark, 
Curlew, Pelican. Reptiles : Fresh water Tor- 
toises. Fishes: seven extinct species of extinct 
genera. 

2. Miocene Period : Ape, Dinotherium, Tapir, Chali- 
cotherium,Rhinoceros,Tetracaulodon,Hippotheri- 
um, Sus,Felis, Machairodus, Gulo, Agnotherium, 
Mastodon, Hippopotamus, Horse. 

3. Pliocene Period: Elephant, Ox, Deer, Dolph- 
in, Seal, Walrus, Lamantin, Megalonyx, Me- 
gatherium, Hyaena, tJrsus, Weasel, Hare, Rabbit, 
Water Rat, Mouse, Dasyurus, Halmatorus, 
Kangaroo and Kangaroo Rat. 

Birds : Pigeon, Raven, Lark, Duck, dbc. 

Fishes: (in the formation generally) more than 
100 species now extinct which belong to more 
than 40 extinct and as many living genera. 

Insects: 162 genera of Diptera, He miptera, Cole- 
optera, Aptera, Hymenoptera, Neuroptera, and 
Orthoptera.* 

• 'Mmm*9 isAia Otognestka, p, 811« 
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Shells : In the Newer Pliocene Period, 90 to 95 per 

cent of living specief ; 35 to 5(h per cent in the 

older Pliocene : 17 per cent in the Miocene ; and 

3 1-2 in the Eocene ; amounting in all to 4000 

Tertiarj Period. •{ species. 

Plants : Poplars, Willows, Elms, Chesnuts, Syca- 
mores, and nearly 200 other Species : seven- 
eighths of which are monocotyledonous or dicoty- 
ledonous. 

vJklluvial Period J ^^'^ ^^^ most of the other species of existing ani- 

* \ mals and plants. 

^ Human Remains, 

Prin^ Geology alone has as yet been unable to fix the precise 
lime when man first appeared on the globe ; but it was certainly 
Tery recent, and one of the last displays of creative energy wit- 
nessed on the earth. - 
Proof, In the earlier periods of geology, the fossil bones of other 
animals were oflen mistaken for those of man. Thus the Homo 
DUuvu testis of Scheuchzer, was ascertained by Cuvier to be 
nothing but a great Salamander. At the present day no prac- 
tised geologist maintains that human remains have been found 
below diluvium ; although some writers on geology still defend 
that opinion (See Penn's Comparative Estimate of the Mosaic* 
al and Mineral Geologies, Vol, 2. p. 124. Fairholme*s Geology 
of Scripture, p, 219. Comstock^s Geology, p* 263.^ But some 
geologists on the continent of Europe are of opinion that the 
bones of man are found so mixed with those of extinct quadru- 
peds, as in certain caverns in France, and the province of Liege, 
that all must have been deposited at the same time ; that 
is, during the deposition of the most recent tertiary strata. 
Others suppose that these human remains must have been in- 
troduced subsequently. {Bucklan^s Bridgwater TreatiseyVol. 1. 
p. 103.) Upon the whole, no evidence has yet been afforded 
oy geology^ that man existed on the earth earlier than during 
the deposition of the latest members of the tertiary strata : and 
most geologists are of opinion that his remains occur only in 
alluvium. 

Objection, Some writers contend that when Asiatic coun- 
tries have been examined more throughly, the remains of man 
may be found in all the fossiliferous rocks : and that they do not 
thus occur in Europe and America, because he had not spread 
into these parts of the world till a long time after his creatuw. 
But on this subject it may be observed, 1. that so far as th€ 
countries of Asia have been geologically examined, their or* 
ganic relics correspond^ as to distribution and general charac- 
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ter, with those of Europe and America ; and hence the pre- 
sumption is, that in all that quarter of the globe, the mammifer- 
ous animals will not be found much below the tertiary strata. 2. 
Comparative anatomy strengthes this presumption, by showing 
conclusively, that most of such animals as now inhabit the globe, 
could not have lived when the same physical conditions existed 
that were necessary for the creatures found in the lower rocks. 
3. Since however the scriptures represent man to have origin- 
ated from central Asia, we may hope that an examination of that 
region will enable geologists to fix the precise geological epoch 
when he first appeared upon the earth. 

Inference, Until the exact period can be fixed when the re- 
mains of man first appear in the strata, geological time cannot 
be connected with historical lime very definitely. 

Proof, The scriptures fix the chronology of man's creation ; so that 
if we can determine during what geological period this took place, we 
can ascertain what changes have occurred since ; and what events 
preceded his appearance. To fix the date of any other existing ani- 
mal's creation, will not in like manner connect geological and histori- 
cal dates, because some of the existing species are mixed with extinct 
races, and may have been recreated during the six demiurgic days of the 
toripture. 

Rtmark, The remarkable specimens of human skeletons found im- 
bedded in solid limestone rock on the shores of Guadalope, deserve at- 
tention in this connection. At first view they may seem genuine exam- 
ples of man in a fossil state. But they belong to the alluvial formation , 
and probably were buried there only a few hundred years ago. For the 
same rock contains shells of existing species, as well as arrows and 
hatchets of stone, and pottery. It is said that a battle took place on this 
spot about the year 1710, betwen the Caribs and Gallibis.*-One of 
these specimens is in the British Museum in London, and the other in 
the Garden of Plants in Paris. Buekland^s Bridgicater Treatise^ Vol, 
1. p. 104. Cuvier*s Theory of the Earth by Jameson and Mitehellf p. 235, 
JV. York, 1818. Cuvier's Discourse on the Revolutions of the Surface of 
the Globe : Philadelphia, 1831. p, 82. 



8. Vertical Range of Animals and Plants in the Strata, 

Descrip. Not only did different species, genera, and fami- 
lies of animals commence their existence at very different 
epochs in the earth's history, but some of them soon became 
extinct ; others continued longer, and some even to the present 
time. 

Descrip. Species rarely extend from one formation into 
another ; but genera frequently continue through several for- 
mations ; and a few, even through the whole series of strata : 
and are still found among living animals and plants. Orders 
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are still more extensive in their vertical range ; and all the great 
classes, as has been shown, extend through the whole series. 
Very many genera, however, and some orders, are limited to a 
single formation. Others, afler disappearing through one or 
more formations, again reappear. 

Illustration. The following Tables will give an idea of the vertical 
distribution of several orders and genera. Phillips* Treatise on Geolo- 
gy, Vol. i. f.76 et seq. 

The following Table exhibits the distribution of s<iVei^al V)rdetB of 
Zoophyta; their presence being indicated by «tars, and their absence 
by blanks. 



imida.1 



Systems. 



Spongiie. ( Lamelliferfi. 



Crinoidea 



Echmida. 1 Stellerida. 



Tertiary. 



Cretaceous. 



X 



Oolitic. 



. « 



Saliferous. 



J.I nk* 



■ 



AU.. 



■ ■' •• I • ' ( ■> 



• 



CarboniferoQS. 



Silurian. 



■r. 1 



u. 



Lower Sysfeme. 






Remark. I have placedBtelleridans in the Saliferous System on the 
authority of Dr. Buekland, (Bfidgewatar Tremtise,V^. /. 7». 416), and 
in the Silurian System ob the authority of Prof. Troost, in^is F^ftk'Rt" 
part on tht Geology of Tennessee, jp. 12, 1840. 

Tho following genera of lAiells, very abandant at present on the glob«| 
have a rery limited range downwards. 
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Out of the nmUitude of CephalopodB, or chunbered ihells, that Bwarm- 
ed in the ancient seu, only two species have continued to the present 
lime; at may be seen bj the foliawing Tible oftheil Tritical range. 
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Palaontologkal Chart. 

In ordei to biing under Ihe eye a sketch of the -vertical ran^ of tha 
difierent tribes of animals and plants, that have ippeaj-ed on the glob* 
from the earliest times, the Chait which faces the title page, h^ beni 
constructed. The whole surface is divided into seven strips, to repiw- 
aent Geological Periods : v'a the lowest, the Grayi^aoke Period : tbi 
next, the caiboniferoos Period : the next, the Saliferoma FeritMit tfa* 
next, the OoliticPeriod: the neit, the Cretaceous Period : the next, tha 
Teniary Period ; and the highest, the Historic Period, or that now paa>- 
ing. The Animals and Plants are repieaented bj two trees, having a 
basis or roots of primary rochs, and rising and expanding through th« 
different periods,and showing the commencement, developement, ram- 
iGcation, and in some cases' the extinction, of the most important tribea, 
The comparative abundance or paucity of the different bmiliea, is 
shoirnby the greater or less space occupied by them upon the chart; al- 
thoogh there can of course be no great exactness in such cepresenta- 
"" IS short bt«oehea, exhibited along the sidet of tiM 
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different families, are meant to designate the species, which almost uni- 
versally become all extinct at the conclusion of each period. Hence 
the branches are contracted in passing from one period into another, and 
then again expand, to show that the tjpe of the genera and orders 
alone survive. Where a tribe, after having be^n developed during one 
period, disappears entirMy during the next or several succeeding peri- 
ods, but at length reappears ; a mere line is drawn across the space 
where it is wanting. 

While this Chart shows that all the great classes of animals and 
plants existed-from the earlieist times, it will also show the gradual ex- 
pansion and increase of the more perfect groups. The vertebral ani- 
mals, for instance, commence with a few fishes , whose number increas- 
es : but no traces of other animals of this class appear, till we rise to 
the Saliferous Group, when we meet with the tracks of cheirotheria, 
tortoises, and birds. But not till we reach the oolite period, do we 
meet with the bones of the mammalia : and then only two species of 
marsupialia. No more of this class appear till we reach the tertiary 
strata, where they are developed in great numbers, approaching near- 
er and nearer to the present races on the globe as we ascend, until, in 
the Historic Period, the existing races, ten times more numerous, com- 
plete the series with man at their head, as the crown of the whole ; or as 
the poet expresses it, '< the diapason closes fUU in man." 

In like manner, if we look at that part of the Chart which shows 
the developement of the vegetable world, we shall see that in the low- 
est rocks, the flowering plants are very few, and consist mostly of Con- 
ifersB^, and Cycadese : links as it were, between the flowering and the 
flowerless plants. It is not till we ascend to the Tertiary Period, that 
the willows, elms, sycamores, and other species that form the forests of 
the temperate zone, appear. But low down in the series, a few mon- 
ocotyledonous plants are seen, such as lilies and palms) which, how- 
ever, do not seem to have been greatly multiplied till we reach the 
Tertiary Period. Still more fully developed do we find them in the 
Historic Period; where 1000 species of palms — the crown of the veg- 
etable world, have been found. 

To refer to another example of a somewhat different character : take 
the Saurian animals, whic][i began to appear during the Saliferous Peri- 
od. In the next peried above, or the Oolitic, their developement is 
very great ; so that they seem to have been the rulers of the animal 
creation. But above this Period, they gradually decrease, until among 
existing animals all their representatives, except the crocodile tend 
the tilligator, -are on a mt»t diminutive scale. 

-A simtlar«2flinpleamonfi' plants exists in tht Lycupodi&cete ; Vtihili 
tluTing the Csfboniferous Period, formed trees firom 40 to 60 feet hi^. 
But awve that period, they rarely appear ; and their only remaining 
vepresentativeB on eafth at the present time, are obscure phtn^ a fbw 
nieheft in height. 

Sfxichtnoie inrormaCion -of this «ort may be obtained by ii.fisw ino- 
ftitats inBpe<ition of this t^faart ; which will present the necessity of de- 
tuls. As ibis however is the first effort that has been made to givfi 
•Uch ar representation i>f the leadhxe facts in 'Paleontology, 1 shall expect 
that defects and imperfections -wiufm discovered in it.* 

* Shicethe aliove was In type, I liave received the leflkea C9iMinio«etea of Professor 
BroBiij pubKebed at Stuttgart in 1887 «iril 1638, Where I fiiKl a' Cnart cdnstmctea on 
eaeenttaUy tbe same vrinciplee. The womler with ma It, n^tt that I 1lav« been aatti- 
cipated, but that so simple a plan to exhibit the leading facts of paleontology, has not 
IwAii einployed by writers in the English language. 
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9. Comparison of Fossil and Living 8pedt€i.'» 
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Prin, It is a moderate estimate to reckon the spec4e|««f or- 
ganic remains hitherto described In the rocks below the^feftjary 
strata, at 5000. Yet scarcely none of this number havi^'tlius 
far been identified with any now living on the globe. In many ^ 
cases they differ even generically. .••* 

Rem. Tbe above estimate would make the whole number of foqstl^,- 
species dOOO. T-his is considerably below the estimates of Kofel*-*«''> 
stein, a German writer, in 1834. He gives the following numbers, iJi "••'. 
his Die J^aturgesehitche des Erdkopers in ihren ersten grundzugem^" ^ ', 
dengestellt. 2 Bde 8 tfo. Vol. 2. See Quarterly: Revieto for ApvU * 
1836. p. 90. 



Mammalia. 




270. 


Birds. 




20. 


Reptiles. 
Fishes. 




104, 
386. 


Insects. 




247. 


Spiders Ccustacse, Xjphosura, 
Entomostracea, Isopoda, Myric 
Mollusca. 


>poda. 


211. 
6056. 


Annelides. 


- 


214. 


Radiata. 




411. 


Polypina. 
Vegetables. 


- 


907. 
803. 



Total. 9629. 



Prin- The deeper we descend into the earth, that is, ibe old- 
er the rock, the more unlike in general are its organic remains 
to existing' species. As we ascend, we find a nearer and near- 
er approximation to existing species in each successive forma- 
tion. 

Descrip, In 1833 the number of shells in the tertiary strata 
that had been discovered and described by M. Deshayes in Eu- 
rope, amounted to 3036 : Of these, 568 were identical with 
species found in pur present seas. They were distributed how- 
ever very unequally through the different groups of these strata 
as follows. 
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In the EcK/Si^e or oldest 

Group. **-V^ 1238 species : Living analogues, 42* 

In the.'!fi[»ocene. 1021. do. do. 176. 

In tl^ Pliocene. 777. do. do. 350. 

fr^^clPs Geology Vol 3- p, 47, 49, 51. Appendix, First 
Editjukl'London, 1833. 

jfrfi^* The organic remains in the northern parts of the 
^lobe* correspond more nearly to existing tropical plants and 
afMjrnals, than to those now living in the same latitudes. 
.^^ Proof. It is well known that the Fauna and Flora of tropi- 
/«a1 regions are so different from those in higher latitudes as to 
strike every observer. Now any one who is acquainted with 
these peculiar features of tropical organic life, even as they 
are exhibited in books, will be struck with their resemblance to 
the organic remains in the fossiliferous strata. The following 
examples may serve for illustration : be£[inning with the high- 
est of the strata, viz. diluvium. 1. Along the shores of the 
Arctic Ocean in the banks of the great rivers, such as the Oby, 
the Yenesi, and the Lena, are found immense quantities of the 
bones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani- 
mals were covered with hair, proves that the climate where 
they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The bones of extinct species of 
elephant, rhinoceros, hippopotamus, lion, tiger, hyaena, &c. — 
genera confined almost exclusively^within the tropics at this 
day, are found scattered through the diluvium of almost every 
part of Europe. 3. When shells are found in the tertiary stra- 
ta in northern countries, identical with those in existing seas, 
their analogues are almost universally found in tropical seas : 
and when the same species occurs in the Mediteranean, for in^ 
stance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The great size, both of the animals and 
plants found in the secondary strata, compared with that of liv- 
ing organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in fact, as exists in tropical countries. 5. The 
great number of chambered shells, such as ammonite, orthocer 
ra, &c. found in the secondary rocks, confirms this proposition, 



m EARLY TIMES. 103 

since the few representatives of these shells still found alive^ 
occur in warm latitudes. 6. But perhaps the most striking ev- 
idence of a warm climate, during the deposition of the secon- 
dary rocks, exists in the fossil flora of the coal formation. 
This is filled with gigantic plants of genera mostly found with- 
in the tropics ; such as equiseta, lycopodiaceae, tree ferns, 
palms, &c : and a person who is familiar with these remains, 
is struck, on going to a tropical country, with their resemblance 
to the vegetation around him ; as he is with their want 
of resemblance to the flora of high latitudes. These trop- 
ical plants have been found in the rocks around Baffin's 
Bay, and even as far north as Melville Island, in 75^ north lat- 
itude. 7. Numerous organic remains in the secondary rocks, 
even in the oldest fossiliferous strata, appear to have once con- 
stituted coral reefs, such as are now found only in tropical 
seas. Such relics as these, also, have been found in the rocks 

of Melville Island. Lyells* Principles of Geology, Vol, l.p. 98. 

Rem. Some efforts have lately been made by leveral geologists to 
show that the climate in northern latitudes in some parts of Europe, 
was even colder daring the diluvial epoch, than at present. But should 
this prove true, it could affect the preceeding arguments only so far as 
diluvium is concerned. 

Remark, Fossil botanists say that the land plants found in the older 
strata, correspond more nearly with those now growing upon the low 
islands of the Pacific Ocean, between the tropics : and hence they infer 
that when they flourished, the land was but little elevated above the wa- 
ters ; and that the climate was constantly very warm and moist. Amer- 
ican Journal of Science , Vol. 34. p. 324. 

Prin. It is probable that during the deposition of the oldfir 
fossiliferous rocks, the climate was ultra-tropical ; that is, warm- 
er than at present exists on the globe. 

Proof. Tropical species of equiseta, lycopodiaceae, tree ferns, 
&c. are much larger than those found growing without the trop- 
ics. But those found fossil are much larger than any now Jiving. 
Equiseta, for instance, in the ancient world, were sometimes 10 
feet high ; tree ferns, from 40 to 50 feet, and aborescent ly- 
copodiaceae, 60 or 70 feet high. Recent equiseta are rarely 
more than half an inch in diameter ; whereas the fossil cal- 
amites, a very similar plant, is sometimes 7 and even 14 inches 
in diameter ; and no living lycopodiaceee are more than 3 feet 
high. This extraordinary developement, which is found also 
in other species of plants and animals^ can be explained only 
by a higher temperature : though Aldolphe Brongniart suggests 
that in those early times, when perhaps no land animals existed, 
the atmosphere might have been more highly charged with car- 
bonic acid than at present. Historic des vegetaux fossiUSy 
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par 3f, Adolphe Brongniart : 2d Livraisori' p» 113. Buck' 
lands Bridfi^ewater IVeatise, Vol. 1. p. 450. Phillips* Trea- 
tise on Otology f p. 1 18. 

Prin, The temperature of the cliniate seems to have gradu- 
ally sunk during the successive deposition of the different 
groups of fossil iferous rocks. 

Proof, While the whole aumber of species of ferns, now 
growing upon the globe, is 1500; onlj 144 are found in the 
northern temperate and frigid zones ; and 140 in the South- 
ern Frigid and Temperate zones; While the remaining 1200 
are found within the tropics. Now the number of fossil ferns 
diminishes in nearly the same ratio, in ascending from the old- 
est secondary rocks, as it does in going north or south from the 
equator. Hence it is inferred that a similar decrease of tem- 
perature is in both cases the cause. 2. This is the most ration- 
al mode of explainioff the gradual approach of organic remains 
to exisllnf species, as we come nearer the surface ; so that dur- 
ing the teniary periods the climate could not have been much 
diircrcnt from that around the Mediterranean. Buclcland!s 
nridgritttttr IVwrfiM Vol. 1. p. 471. 3. If the former high 
tomporaturc of the globe be admitted, we should expect this 
ijradual reduction of temperature, by radiation. Phillips' Trea- 
iisf m et9kgf 1>. 06. 

10. Iksetiption of individual and peculiar Species of Or- 
ganic Remains. 



PLANTS. 



^5ml!' T^^°"'?^f'-^^ fossil plants yet described amounts to 
about oOO. (l*htlhps Treatise on Geology , Vol l.p 70 J Qf 
these more than 300 are contained in the strata below the too of 
the carboniferous Group : more than 100 in the rocks between 
that group and the tertiary strata ; and nearly 200 in the tertiary. 

Alg(B or Sea Weeds. 

^ITl^kn^""^"^'"^ submarine vegetation, amounting to 
more than 500 species, may be arranged in three divisions : de- 
ptndent for their characters upon climate : the first group occu- 
^JLt. V' -^^ ^''''t '^.^ temperate, and the third the tor- 
Si Kr^L «n*K™'^K ?''^"^"''^" ^^'^^ fo««i^ "^"ne plants, 
!?in./J '^''?^^^^^,'' '^^ top or the new red sandstone into 
lilt class of tropical plants : while those higher in the series 
ipDroximate more and more to those now existing on the dobe' 
Jiolphe Brongmart's Histoire des Vegetaux Fossiles uTai. 



H08SKS AND FEBN8. 



Deterip. In the lowest rocka most of the plants Bie mariDe. 
rig. 38, represents a species of fucoides. 



Fig. 38. 




Musd and t^Uec 



! or Mosses and Ferns. 



Descrip- on account of their delicate structure, mosses are 
rarely preserved in the rocks. Bui ferns are very abundant;, 
especially io the more ancient strata, where they are found 
of a size at least equal to those now growing in the torrid zone, 
which are ol\en from 40 to SO feet .high. Fig. 39, is a sketch 
of some of these tree ferns, now growing in tropica] climates. 
10 
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Fig. 8a. 




Darrip. Europe at the present time does not contain more 
than 30 or 40 species of fenu, and these of diminutive aize; 
whereaa more than 200 species have been found in ihe coal 
formation of the same quarter of the globe. Adolpht Broug- 
niart in Aaitrican Journal of Seimet, Vol. 34. p. 319. 



Lyeepodiaeea, or Cl«b Mosses. 

Deserip. The Ljcopodiaces are a tribe of plants interme- 
diate between ferns and conifers on the one hand, and ferns 
and mosses oa the other. lAndity's Natttrai Sj/stem of Bota- 
tty, p. 313. 

Lepidodeiuiro*. This fosail |dant approumatea in its char^ 
acter to the L^oopodiaces : or rather, it seems to be intermedi- 
ate between tu <Jub moss tribe, and the conifere or pine tribe. 
It is aboaduit in the coal Ibrmation, where it is sometimes 
found ftom 30 to 45 feet long ; aad M. Ad. Brongniart has de- 
scribed M Bpeciea. The genus is whol)/ extincL Fig. 40 
wiU convey some idea of these plants. 
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Remark. The Lepidudendn 
fill up a chasm id the existing Be* 
ries ofplanUi, between flowering or 
flowerleas planle, belter than anj 
living genus. Similar Uanks in 
the eziating organization are filled 
-by other extinct genera of organic 
remains. Lindley and Hutton's 
Fossil Hera, Vot.^.p.SS. 

Equiittacem. 

Daertpii Living plsnta of lhi> 
tribe are called lurrsttaiU,eat-taib, 
leouring nutci, Abo : and although 
of Irequfliit occurence in all cli- 
matea (the most frequent in the 
temperate zones) IKey are of di- 
minatire size, areo in the torrid 
zone, compared to those found fo^ 
ait. The latter are divided into two 
genera, £^»eh(M and Calamites: 
the former corresponding' very 
nearly to living equiseta, but the 
latter difiering s good deal in struc- 
ture and size ; being much larger 
than the equiseta. Fig. 41 is a 
Calamites destitute of leaves. ' 



Fig. 41. 



Plmts in the Older Strata not get referred to any living 
Clones toith certainty. 



Deserip. The Sigillaria are large trunks, from half a foot 
to thide teet in diameter, and from 50 to 60 feet long, covered 
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UBuallj vitb flutings and acars. Brongniart enumerates 42 
species; and regards them aa closely allied to arborescent 
ferns : But Lindley and Hutton offer good reasons fty snpposiog 
them dicotyledonous plants, different front any now on the 
globe, yet approaching the Eiiphorbin and Cacleie. Fig. 43, 
represents the fluttngs and scars of one of these plants. 
Fig. 42. 




Descrip. Several other estinct genera, with scars similar to 
those on the Sigillaria; that is, arranged in vertical rows, oc- 
cur in the same rocks, and are probably Conifers. Fig. 43, 
shows « portion of one called Ulodendron. 
Fig. 43. 
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Descrtp. Another very extraordinary fossil plant of the coat 
formation, is called Siigmaria. It consists (Fig. 44,) of a dome 
shtiped centre, three or four feet in diameter, from which pro- 
ceeded branches 20 or 30 feet long, covered with tubercles, to 
which were attached cylindrical succulent ieaves. It was prob- 
ably aD aquatic plant, which floated in the water, ot trailed in 
swampa. It is thought to havt been dicolyledonous. 

Fig. 44. 




Descrip. Another remarkable and beautiful tribe of planU, 
not unfr^quent in the coal formation, baa whorled like the flow- 
er of the Aster : hence one genus is called Asterophyllites. 
Fig. 45, shows one of theae from the coal mine in MauaGeld, 
HasMchusetts. 

10* 




Cimifera and Cycadea, 

Deserip. ConiferK and Cycades are the onljr (wo families o( 
plants whose seeds are or'^iDall; naked. Hence they sre called 
Oymnaspermoui PhoMerpgamia. The Conifers, under the 
name of Fines, Araucaiias, &c. constitute a large and impor- 
tantpart of the existing trees of all climates: and ihe; occur 
in the rocks of all ages. More than 30 species have been found 
in the tertiarf strata, 13 species in the oolite and lias, 4 (of volt- 
zia) in the nevr red sandstone, and seTersI in the carhoniferous 
formalioQ. Mr. Witham has figured the trunk of an Araucaria, 
47 feet long, from Cragleith quarry in the catboniferoua 
limestone near Edinburgh. Witkam'i Dacription of a Fossil 
Tree, ^c. Edinburgh, 1833. Araucarias are found fossil in 
Great Britain alone ; but genuine pines occur in the coal fbrma- 
lioD in Nova Scotia and New Holland. The four living species 
of Araucaria that hare been described, occur in tropical climates 
south of the equator. 

Deserip. Sometimes the trunks of these gigantic trees, aa 
well as of some of the other plants that hara been deacribed, 
are found standing erect, rarely in the very place where thej 
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grew : but generally they appear to have been transported, and 
to have assumed an upright position by the greater specific grav- 
ity of the roots. Fig. 46, shows t|ie stumps of aa.ancient for- 
est of Conifers, with the roots imbedded in the black vegeta- 
ble mould in which they grew ; the whole being now converted 
into stone. The section was taken in the Isle of Portland, £ng. 



Calcareoiit 
State. 

Bubrstone 



Dirt Bed. 



Portlaod 



Stone 







":^ 



SubterrtaMOM Forest : Ide of Portland. 

Descrip. The Cycadee are a remarkable family of plants, 
occupying an intermediate place between Palms, Ferns, and 
Coniferse ; filling up'air iqiportant link between dicotyledonous, 
monocotyledonous, and acotyledonous vegetation. Only two 
genera and 22 species are known as now living upon the globe. 
But during the deposition of the rocks above the coal, they 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 29 species are 
cycadese, referable to 4 genera. They have lately been found 
also in the coal formation. The living species mostly grow in 
tropical climates Fig. 47, represents a living species of these 
plants. 

Prin, It is probable that dicotyledonous plants, as well as the 
frailer kinds of fiowerless ones, such as fungi, and mosses, may 
have been more abundant in the earlier periods of geological 
history, than the specimens of these plants found fossil would 
lead us to infer. 




Cyclai Rtvaltita. 



Proof. Most orgaDic remaius must haye be«n perserved in 
water, or at least in wet sand, or mud. Now Prof. Liiidley, 
having immersed in a tank of fresb water 177 species of liTing 
plants for more than two jears, arrives at the following con- 
cluaions. 

" 1. That the leaves and bark of most dicotyledonous plants 
are wholly decompoMd in two years, and that of those which 
do resist it, the greater part are Conifers and CycadBffi." 

"2. That Monocotyledons are more capable of resisting the ac- 
tion of water, particularly Palms and Scilamineotis plants ; but 
that grasses and sedges perish." 

" 3. That Fungi, Mosses, and all the lowest forms of vegeta- 
tion disappear." 

" 4. That ferns have a great power of resisting water if in a 
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a green state, not one of those submitted to the experiment hav- 
ing disappeared ; but that their fructification perished." Buck' 
land's Bridgwater Treatise, Vol 1. pi 480. 

Rem. 1. It is interesting to observe that by this experiment those plants 
were most enduring in water, which we find most abundant in a fossil 
state. Tet some circumstances prevent us from infering with certainty 
that all the more frail and the dicotyledonous species perished in the 
process of petrifaction. If a corresponding experiment had been made 
with these plants in wet mad, or sand, and another in salt water, or salt 
mud, these results might have been somewhat modified, and probably 
in nearly every case where plants are carried to the bottom of water, 
they are covered by mud in a shorter time than two years ; and most 
of those preserved in the rocks, were fossilized beneath salt water. 
Other substances, as iron, or lime, in solution in the water, might es- 
sentially modify the experiment. After all, however, the experiment 
does show us that we must not place too much dependence on the rela^ 
tive n ambers of different classes of fossil plants, as hitherto discovered* 

Rem. 2. Other peculiar and interesting plants occur in a fossil state ; 
as the Pandanes, Palms, &c. but the limits of this treatise do not per- 
mit their introduction. 

Rem. 3. The great size of many fossil plants and the vast 
accumoiations of carbonaceous matter in the coal formation, 
render it probable that the vegetation of the early periods of 
the globe was far more abundant than at the present day. Yet 
as the trees were mostly without flowers, and unenlivened by 
the presence and voices of any vertebral animals, the landscape 
must have presented a very uniform and sombre though impos- 
ing aspect : better adapted to a state of preparation for the high* 
er orders of animals, than Tor their actual existence : heiter 
adapted to prepare fuel for man, than for his happy dwelling. 

Rem, 4. A recent discovery has enabled geologists to ascertain with 
greater certainty and ease than before, the nature of fossil plants. The 
different families of living plants are distinguished not merely by external 
characters, which mostly disappear when petrified, but by a correspond- 
ing anatomical structure ; chiefly by the form of the minute vessels, of 
which they are composed. Now it is found that these vessels retain 
their form when petrified. Hence by cutting a fragment of fossil wood 
very thin, and polishing it, a microscope will show these vessels, and 
thus enable the enquirer to determine the nature of the plant. For this 
discovery we are indebted to Mr. Witham, who has given directions for 
preparing fossil wood for such an exuminatioil. Witham' s Qhservaiiotu 
on Fossil Vegetables, 4^. Edinburgh, 1831 « (Quarto. 



ANIMALS. 

1. Radiated Animals. 

Descrip, This extensive Class of animals are the most sim-* 
pie of any in their organization, and the most removed from 
common observation in general. They are distinguished b^ 
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their radiated structure : though in some of the first Order, the 
Echinodermata, it has been Jately shown that they possess some- 
what of a '* bilateral symmetry," like the higher orders of ani- 
mals. The whole class are frequently denominated Zoophytes. 
Descrip, The number of zoophytes in a fossil state is very large ; 
and in almost every case, they differ specifically, and frequent- 
ly generically, from existing species. I shall notice those chiefly 
that are most unlike such as now live on the globe. 

Crinoideans, or Encrinites, 

Descrip, These animals have long attracted attention from 
their peculiar structure and the immense quantity of their re- 
mains in some limestones called Entrockalor Encrinal Marble, 
They belong to the first order of Radiata or the Echinoder- 
mata. They are exceedingly rare among living animals, but 
two species the Pentacrinus Caput Medusae, and the Comatula 
fimbriata, that have been discovered in the ocean, have thrown 
much light upon those that are fossil. Un Miller, who has 
written an excellent work, entided the Naturtii'JEHstory of the 
Oi'notfl^ea, has divided them into nine genera. ' The two genera 
that have attracted most attention are the Enennites monilv' 
formis, or Lily Encrinite^ or Stone Lily, It consists of a vast 
number of little joints, or bones, forming a column, (which may 
be called the vertebral column, although these animals are in- 
vertebral,) for the support of a cup like body, containing the 
viscera, and from whose margin proceed five articulated arms, 
dividing into tentaculated fingers, more or less numerous, 
surrounding the mouth. — The fmimal was fixed at the bottom of 
the ocean, or to a piece of wood, and merely moved as far as it 
could reach by bending its very flexible column, which was ad- 
mirably fitted for this purpose. The number of little bones, or 
joints, composing the head alone of this species, is estimated at 
26,000. These boties are perforated and are used sometimes for 
rosaries. This animal relic is shown in Fig. 48. 
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Fig, 18. 
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Dtserip. The stem of the EncnQite was circular, but that ot 
Pentacrimte pentagonnl. The latter also had usually ■ great- 
er number of side arms and of joints. One of the most re- 
markable of them was the Briar'ttm Pentacrxnite, (PentacrinUB 
Briareus) so called on account of the great number of its 
hands or tentaeula. The bonea in its fingers and tentacula, 
amount at least to 100,000 -. and those of the side arms, to al 
least 50,000 more. And since each bone must have had two 
sets of muscular fibres for contraction and expansion, these 
bundles of fibres in the whole animal must hare been as nany 
as 300,000. This vastly exceeds the muscular apparatus in 
any other animal. What a contrast to man, whose bones are 
only 241, with 232 paira of muscles I 

Fig. 49,showBUu>UieTgeiiuiof tbii family, the j*p(ocrii«(«» or P«ar 
Encrinite. IL U repicKiited u restored, and sitnated ai if Id the wa- 



FKAB IMCBINITE. 




Descrip. Polypi, Polypifers, or Polyparia, are ihose mi- 
nute radiated animals that have the power of secreling carbon- 
Fig. 50. ate of lime, and thus of building up 
large stony structures from the boi- 
torn 10 the surface of the ocean. 
R|The; Bwarm in immense numbers 
Fin the seaa of tropical climates, and 
form coral reefs which Bornetimea ex- 
lend hundreds of milea. The; seem 
> have exifted in all ages, and to 
ave formed aimilar deposites, which 
re now ranked among the limO' 
stones. Figs. 50, 51, and 52, show 
several living species of these ani- 
mals as they are attached to their 
stony habitations. 
Paiiparia, 




Fig. 61. Fig fiS. 




Deserip The tentaeuU of these animals are profided with 
cilia on their margins, which are capable of beiog rapidly 
moved, so as to keep curreata of water in motion, that food 
may be eonre/ed to their mouths. Immense numbers of the 
polyparia unite in building up a single habitation, and ihej do 
this as if influenced by one instinct : so that the structure 
rises with the most symmetrical proportions. Hence it is still 
B quesiion, whether all the animals upon each Mructure are not 
to be regarded rather as one compound animsl. In the Flitttra 
car6(u«a each polype has usually 22 tentacula; and on these, 
2200 cilia. An ordinary specimen of this species will contain 
18000 polypi ; and of conseq^ence, 396,000 lenlacula, sad 39, 
600,000 cilia. On the FlusUa foiiacea Dr. Grant estimates 
400,000,000, cilia. Rogues Bridgewattr Trealhe. Vol. I. p. 
132. 

Deserip. These polyparia mostly multiply by buds, called 
gemmules, which erow like the bada of plants from the parent, 
and aller a time ful off and become distinct animals. A sin- 
gle polype in this mode may produce a million of young in a 
montL They may also be multiplied by dirision, when each 
separate part becomes in a short lime a whole animal. Differ- 
ent parts may also be made lo grow together, and monsters of 
erery form be produced. The Hydra is one of the genera of 
polypi; and by taking the heads of several individnala, and 
grafting them to one body, a Hydra with seven, or any other 
number of heads, may he produced. 
11 
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Descripi, Small as these animals are, they have nevertheless 
effected important geological changes on the globe : for some 
of the most extensive rock formations appear to have resulted 
from their labours. But the next tribe of animals, which is 
to be described, furnishes still more striking evidence how pow- 
erful an agency the minutest of all beings are able to exert 
upon our globe. 

Descrip, These animals are not disceraable, with a few ex* 
ceptions, but by powerful microscopes : and as they usually oc- 
cur in some 9orl of infusion, they have been called Infusoria ; 
though they generally go by the name of Animalculm. The 
recent astonishing discoveries of Ehrenberg, a Prussisn natu- 
ralist, have given a new aspejCt to this department of animated 
nature, even in a geological point of view. He has described 
722 living species, which swarm almost everywhere, even in 
the fluids of living and healthy animals, in countless numbers. 
Descrip, Formerly they were thought to be the most simple of 
Idl animals in their organization : to be in fact little more than 
mere particles of matter endowed with vitality ; but be has 
discovered in them mouths, teeth, stomachs, muscles, nerves, 
glands, eyes, and organs of reproduction. Some of the small- 
est animalcule are not more than the 24,(K)0th of an inch in 
diameter ; and the thickness of the skin of their stomachs, not 
more than the 60.000.000th part of an inch. In their mode 
of reproduction they, are -viviparous, oviparous, aiid gemmipa- 
rous. An individual of the Hydatina senta produced in ten 
days 1.000.000 young: on the eleventh day, 4.000.000 ; and on 
the twelfth dby, 16.000.000. In another case he says that one 
individual is capable of becoming in 4 days, 170 billions ! Am. 
Journal of Science Vol, 35. p. 872. 

Descrip, Leuwenhoeck calculated that 1000.000,000 animal- 
culae, such as occur in common water, would not altogether make 
a mass so large as a grain of sand ; Ehrenberg estimates that 
500.000.000 of them do actually sometimes exist in a single 
drop pf water ! 

Descrip, Surprising as these facts are, it will perhaps seem 
still more incredible, that the skeletons of these animals should 
be found in a fossil state, and actually constitute nearly the 
whole mass of soils and rocks several feet in thickness, and ex- 
, tending oyer areas of many acres. Yet thia too has been as- 
certained by the same acute Prussian naturalist. The follow- 
ing formations^ he says, are of this description. 
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1. Bog Iron Ochre. 

Kieselguhr, a siliceous incrustation, from \ Alluvial, 
hot springs. 

3. Poller schiefery'PoVishing Slate, a variety) 

of Tripoli, or rotten stone. > Tertiarj. 

4. The Semi-opal of the Polieracheifer. ) 

«r *k« I 5. Semi-opal of the Dolerite: / o , 

„1„, \ 6. Precious Opal of the Porphyry, I Secondary 
tare ] ^- ^''"* of the Chalk. ] "'"' ^"'^"^- 

Descrip, Some of the above substances occur in large quan- 
tity. The polishing slate for example, at Bilin in Germany, 
forms a bed 14 feet thick, and the eatable infusorial earth near 
Lunebourg, a bed above 20 feet thick. Yel it would take 41. 
000 millions of these skeletons to make a cubic inch ; their 
weight being only 220- grains ! A single shield or skeleton 
weighs about the 187 millionth part of a grain ! 

Descrip, The animalculse difier from all other animals, in 
having their softer parts protected by a shield, or skeleton^ 
which may consist either of silica, lime, or oxide of iron. 
Ttt^fte shields, of course, will not he altered by the strongest 
heat ; and although some of the rocks above named,. hav& beea 
subject to heat, the s)celetons often, remain verf. entire, and 
their organic structure is very obvious through a powerful glass;. 

Descrip, In New England and N<:Torkj^th9 siliceous marl 
already described as occurring beneath pent in swamps^ ha8> 
been recently shown by Prof J. W. Bailer dfWest Point ta 
be almost entirely made up of the foaiil skeletaps of InfasoTiSy. 
belonging to the family of Baccillarie : scnae of which appear 
to be identical with those found h^ Ehrenberg in Germany. 
Fig. 53 shows a group of thpse fossil Bkftletons» sketched by 
Prof. Bailey, as they appear wh^n diffused in water, under the 
microscope. American Journal of Science, Vol 35. p. 118. 
Deposites of this siliceous marl are very confmon in Massachu- 
setts; and all hitherto examined, contain vast numl>ers of these 
relics : indeed, they constitute nearly the whole of the depos-; 
ite. I have examined specimens from Spencer, l^elham, Barre, 
Fitchburg, Wrentham, North Bridgewater, and Andover. In 
the latter place the deposite is said to be 15 feet thick. 
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Fig. 53 
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Descrip. Of 80 speeies of fossil Infasoria discovered bj 
Ehrenberg, nearlj one half belong to extinct species : Those 
in the recent strata, are all fresh water animals; but those in 
Che chalk, are marine. London and EkKnburgh Philosophical 
Magcadntfar Mmf 1839, p. ^77. 

Deserip. *' The fossil animalcula from iron ochre is onl j the 
one twentj first part of the thickness of a human hair; and one 
cubic inch of this ochre must contain one billion of the skele* 
tons of living beings/' Wonders of Geohfgy, Vol, 2. p. 689. 

Deserip. The ferruginous scum that appears upon the water 
of some springs, as wdl as the red deposite at their bottom, is 
said to be composed chieflj of the remains of animalcule. 

2. Abticulatbd Animals. 

Deserip. The animals of this class are distinguished bj hav* 
ing envelopes connected bj aanulated plates or rings. 

Examples. The eartk worm, blood socker, lobster, crab, hone shoe, 
spiders, scorpions, insects. 

Remark. Excepting the insects, of which more than 100,000 liring 
species are already known, the animals of this class are not numerous ; 
and but few if anj of its tribes are found in the rocks. 

Insects. 

Deserip. Until recently, no insects had been discovered low- 
er in the rocks than the Oolite : but two species of Coleoptera, 



TRIL0BITE8. 121 

and one of Corydalis, have of late been disinterred in the coal 

formation. Buckland^s Bridgewater Treatise , Vol. I. p, 409. 

Not Less than 25 species occur in the Oolite, and 244 species 

in a fresh water formation of the Tertiary group. Brann*s 

Lethcea Geognostica, p, 811. 

Remark, If there is any probability that iDsects were numerous in 
early times, and no sufficient reason can be given to show that the j 
were not, it may seem strange that their remains so rarely occur. Bat 
in the first place, a large part of these animals are too nail to be pre- 
served in a fossiL state. Secondly, only one or two species of insects 
are found in salt water, which is the principal medium by which or- 
ganic remains have been preserved : and thirdly, they are so light as 
to sink with difficulty in the waters, while a great number of insectivo- 
rous animals are watching to devour them, as they float along on the 
surface. 

Arachnidans, or Spiders and Scorpions* 

Descrip, The scorpion has recently been found in the coal 
formation in Bohemia, by Count Sternberg ; and is the first ex- 
ample of this animal in a fossil state. Spiders have not been 
found lower than the Oolitic series, where only two species are 
recognized ; but in the fresh water.tertiary several species occur. 

Crustaceans. 

Descrip. Crnstaceous animals are not common in the rocks : 
yet the King Crab (LimulusJ so abundant on the coast of New 
England, has been found in the coal formation, and also In the 
Oolite, where other animals of this family occur. But the most 
remarkable animal of this classJs extinct, viz. 

The Trilohite. 

Descrip. This singular animal, which is found in the older 
fossiliferous rocks, in all the northern parts of Europe, in North 
and South America, and at the Cape of Good Hope, was long 
confounded with insects. But it was at length ascertained that 
it corresponded most nearly to the living genera of Crustaceans, 
the Serolis, Limulus, and Branchipus. Figs. 54, 55, represent 
two genera of trilobites, out of the ten genera and 52 species 
that are known. It will be seen that this animal is composed 
of a shield covering the ant^ior part of the body, while the 
abdomen has numerous segments which fold over one another 
like those on a lobster's tail. By this arrangement some of the 
species had the power to roll themselves up like the wood louse^ 
or the armadillo, and thus of defending themselves against enoo 

11* 
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nieB. Tfae^ aniniBls were BomelimeB 5 or 6 inches Iod^, and 
are divided by longitadinal furrows into three lobes; and Lence 
their name. The; aeem to hsTe been destitute of antennte, and 
their lega, which were soft, and which answered the purpose of 
legs and wings, have disappeared. 
Fig. 64. 




Descrip. Trilobites abounded amon|( the earliei 



of the globe, being, most common in the graywacke. A few 
apeciea occur in the caTboniferous strata ; above which, not a 
trace of them has been discovered.' In the carboniferous strata 
they are accompanied by the Limulus. This latter also occurs 
ID the oolitic group, with other Crustaceans of a higher order. 
Descrip. Perhaps the most curious fact respecting the trilobite 
is the discovery of their eyes, which are sometimes perfectly 
preserved. It is well known that the eyee of crustaceous ani- 
mals, ITke those of insects, are made up of a vast number of 
facets, or lenses, placed at the end of tubes, which are arrang- 
ed side by side, so as to produce a radiating mass of eyes, 
which being generally of a hemispherical or conical form, and 
sometimes elevated from the head on a stem, enable the ani- 
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mal to lee in every direction ; although their eyes bare no mo- 
tion. In aome insects the number of these lenaea in both eyes, 
B9 in the home fly, ia 14,000 ; in other CRsea (the dragoA fly,) 
25,000 ; in others, {the butterfly,) 36,000 : in others (ibe Mor- 
della,) 50,000. But in the trilotflte they amount only to about 
' 800. The whole mass is of a conical shape as is shown iu 
Fig. 56. 




BytteftKe TrOobitt. 
3. MoLLmoA. 

Daerip. The Molluacoua animals compose the third grest 
class of those that are intertebral, reckoning from the least to 
the most complex. This class embraces those animals tfcat are 
destitute of a spinal marrow, or articulated skeleton ; bat whose 
muscles are attached to a calcareous covering, called a. afaell ; 
or to a soft skin externally, and to a hard body within, analo- 
gouB to sheila. They are most abundantly diiFused among 
living animals; and the great number of their remains in the 
rocks, proves, either that they were more numerous than other 
animals in earlier times, or that they were more readily pre- 
served. Perhaps we muat call in both circumstances to explain 
the fact. 

Rtm. Tiw Bcienco that deacribci moUuBCoas &nliaB]i is called Cott- 
chology. and from this science geology derives the greateHtald. Even 
its fundameDtal priuctplei cannot be dcBcrlbed in this treatise : nor, in- 
deed, bat a few of the vast number of Bliella that are found in a foaiil 
state. Some of the most lemark^Ie will be Belected. 

Chamhtred Shells- 

Descrip. These are univalve shells, which are divided into 
numerous compartments, or chambers, by croas 'partitions ; as ia 
shown in Fig. 57, which is a section of the common Nautilus 
pompilias. These partitions are all perforated by what is called 
the siphunele, which consisia mostly of a membrane, having 
the form of a tube, and being so firmly fastened to the partH 
lions that no air can pass by it into the chambers. Tha «uc- 
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Rial resides in the outer chamber, and ia connected with the 
others only by the siphuncle. Around the heart of the uiimal 
is a sac, which may contain fljid enough to fill the siphuncle. 
Nov the object of this structure is to enable the animal to rise 
or sink at pleasure in the water. When the sac around the 
heart is filled with fluid, ihe siphuncle is empty, and the air in 
the posterior chambers expands, ao as to cause the shell to rise 
and float in the water ; but when the animal withdraws its srms 
into the shell, Ihe fluid in the sac is compressed, and forced 
into the siphuncle, which condenses the sir in the chsmbers, and 
thus the animal ia made heavier than the water, and sinks. In 
short, he rises and sinks in exactly the same manner as a water 
balloon. • 

Fig. 57. 




great atleDti 

only within i. 
BuckliDd first 



r thre. 



that Dr. 
Ted the true explana- 
tion of the muiner in which it eould riae 
and link at plrainre in water. Bridgiealtr 
TrtatUt Vol. I. p. 325. Some, haweTer, still 
doubt the oarr«ctnen of hu eipluiatioD. 



Descrip. With the exception of. one or two species of Nao- 
tilus, all the larger species of mullilocular or chambered shetls 
hare disappeared from the earth, although in early times they 
were very numerous and widely diffused, and often of enormous 
size. They resembled the Nautilus in general form and struc- 
tnre, although generically different ; and they are sometimes 
found more than four feet in diameter. Figs. 5S, 59, represent 
two species of Ammonites, 







OtlaiU. Brochuit eDomeratei S70 ipwic: 
meRtiona 1274, wliich h> diitrib»tn u Mlowi ^ _. _ 

tlwCarli(iDtfenMiisjit>in33: frntheSKliferoDaa^atem 3: Inlbe Oolilio 
■Tsteni 164 ; In tbe CretaesoDB Bjitem 57 i In Uia Tertiarr SUmU, o t 
frtalite m G4olcgy, Vol. 1. >. 83. 

Detrrip. It ia well ■seerUined thai Id some chimbered tes(»- 

cea, tbe shell u oontsined within the animal ; as in the Spirvla 

Permit, Fig. 60. Thia appeare to 

Fig. 60. . hafc beea the case with several ex- 

tinct genera, aa the Ortboceratite, 

Lituile, Baculite, Hamite, Scapbite 

I Turriliie, Numoialiie, and Belem- 



Orihoceratite._ 

Dacrip. Aa iU nnme implies, thia waa a atrait shell dirided 
b; traDBverae septa tnto.chambera, or which aeirl; 70 have aome- 
limes been counted. It has been found a jrard in length, and 
half a foot in diameter ; forming a Jloat, which would hare 

Fig. 61. 
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been sufficient for an animal far larger than any existing 
cephalopod. Fig. 61, shows the shell of an orthocera with one 
of the septa. 

Inference. The great size of these shells, as well as of the 
ammonites, confirms the views already presented of the exist- 
ence of a very warm climate when they were alive jn northern 
seas. 

Bern. Not less thsn 29 species of orthoceratite are found in the grajr- 
wacke, and 88 in the oarbdniferoDs group. They ^ve not been lound 
in any later rock. 

Belemnite. 

Deserip. This internal shall resembled a conical arrow, with 

a cavity of similar shape, in which was a thin horny sheath, and 

within this a thin conical chambered shell, or alveolus. It was 

provided, also, with an ink bag, like th^ living Sepia, or Cuttle 

Fish, as a defence against enemies, or rather, as a means of 

making good their retreat. These shells are found only in the 

oolite and the chalk, and 83 species have been described. 

Fig. 62. Shows an imaginary restoration of the Belemnosepia, as 
made bj Dr. Buckland. (Bridgwater Treatise Vol. 2. plate 44. /^- .1.) 
exhibiting the animal with the internal shell and ink bag. 
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Ifuntmulitet. 

Descrip. These extinct ahella 
'e BO called from their re- 
irnbisDce to money. They 
■e generally of very diminn- 
tiie size, and belong (o what 
are called the foraminattd 
polythalamous, or many cham- 
bered shells. They are chief- 
ly remarkable for thejr vast 
iKimbera, constituting often al- 
most the entire mass of whole 
niountaias, in the tertiary aad 
newer secondary limettoaes. 
The Sphinx aiid.Btfme of the 
pyramids ofEgypt ireconipoB- 
ed or nummulitic Jimeatone. 
Fig. 63. exhibita a'vpecieaof 
numtnulite. 

Fig. 63. 




LtiSgo or CuHk Fiih. 

Deterip. It is well known 
that the Cuttle fish (Sepia or 
Loligo), is provided with a bag 
of ink within ita body, from 
which the Sepia used in paint- 
ing is obtained ; -and also with 
an inieroBl bone, or in soma 
HpAciea, a mere thin cartilagin- 
oiwiubstance like horn, that 
resembles a quill. Both the 
ink and the pen of (he Loligo 

hare recently been discovered in a fosail state, ia Eaglaad. 

Sacklandt Brtdgeaattr Tnt^ite, Vol. 1. p. 303. 
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R<m. It i* a very carioDm &ct, Ui>t > lulMtance to CMilj deitrojed u 
ink, ihonld h>Te been loperfecUy preaerred in the liu limeitone 
of Lyme Kecii, that after thouaanda and ppihapa ten thonaanda of 
^1, it can be extracted, and the paint formed Irani it cannot be dia- 
tinfuiahed {rom the beat which artUtJ now prepare ! It ia alao 
intereitinf to learn, that Tor tfaia diicoverj we are indebted to the 
indaatry and akill of a lady (Hial Mary Aiming,) who, with otberi of 
her aei that might be named, ia doinf macli for tlie aciMiee of Geology 
ia England. - 



Bioahe J^Bt, moslfy cttinet. 
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Dtttnp. Of the Terebratnla, {Fig. 64.) 30 ape- 

siei have been found in the grajwaeke ) xl in the 

luiferoaaayatem ; 14 in the new red eandatone; 



49in the oolite; 57 in the chalk; 18 intbe tertiaij 
■trata.and 12 amons living moUnaea. 

Darrif. Of the Producta, (Pig. 66.) SI tftiatf 
are found in the rrajwacke ; 36 in the carbonifer- 
oua ayalem; and in the n«v red aandat^, 7: 




Of the Spirifer, Fig. 66. which ahowa the spiral eppendagea witLia 
the ahell aa well aa the external appearance, 37 apeciea ale found 
inthegraywaoke.JSin the oarboniftroDa ayatem,and 7 in the led aand- 
Btone : none above. 
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▼BKTEBRAL ANIMALfl. 

Descrip. This extensive division of the animal kingdom 
embraces those animals whose organization is the most perfect 
with man at their head. A cranium, and vertebral column, which 
encloses the principal part of the nervous system, and a regular 
skeleton, covered by muscles, constitute the principal anatomic^ 
al distinction between this class and the three that have already 
been considered. It is divided into four well marked tribes : 
1. Mammalia, 2. Birds^ 3. Reptiles, 4. Fishes. 



lUmark. Ichthyology, or the history of fifhea, has rtaeirad ane^ 
l^reat improTementa from the labors of Professor Agassi^ . as deTeloped 
lo his f rest work now in the course of pabltcation, entitled AeeAerA- 
«# sur let Poissans Fosnlts^par VAgassiz Slc. that it may almost be r<- 

farded as a new science. Especially is this the case in respect to fossil 
chthyology. 

Descrip, The number of living species of fishes now known, 
amounts to about 8000 : and the number of fossil species to 
more than 850. Buckiancfs Bridgewater Treaiise Vol. I. p. 
267. 

Descrip. Fishes are found in all the great rock formations 
from the graywacke upwards :— ^ fact which is not true of anv 
other class of vertebral animals ; and therefore, the history of 
fossil fishes becomes of great importance. 

Descrip. Agassiz divides fisiie»into four Orders; deriving 
their characters from the scales : I. Tbe Placoidians or those 
whose skin is covered irr^nilarly with plates of enamel (from "^^^l 
a broad plate). 2. Tbe Oammdiaus ; (from Y^^og splendour,) or 
those having angular scales of horny or bony plates, covered 
with a thick plate of enamel. 3. The Cienoidians^ (»r** fa comb,) 
or those having jagged or pectinated scales. 4. The Cycloid' 
ions (xvjiXos a circle,) or those having scales smooth and sim« 
pie at their margin. 

Descrip. Three fourths of the existing species of fish belong 
to the two last orders, whose existence has not been ascerlainea 
below the chalk : the remaining fourth belongs to the two first 
orders : which are not at all numerous now, but existed alone 
in all the periods during which th^ fossiliferous rocks below the 
ehalk were deposited. Agassiz m the American JoumaTof 
Science, Vol. 30. jp. 39. 

Prin. Not one species offish bas yet been found iKaJL >ak 
12 
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commOD to any two of the great geological formatiooa ; or is 
now liviog in the ocein. 

Prill. Fossil fishes do oot change iosenaiblj as we pasv fer- 
ticalty from one formation lo another : but abruptlj ; and theie 
changes occur BimuliiDeously with Ihosi: in vther claawa of ot- 
ganic remains. 

tnftrt.nct. Hence the conclusions (hat hare been made from 
the hiatorj of oiher organic remains, are coufirmed by this new 
branch of paleontology. 

Dtsrrip. Below the chalk not eren any genua is found that em- 
braces any living species: thoae of thecarboDiferous strata dis- 
appear with the deposition of the new re<l sandstone : those in 
the oolite, introduced after the epoch of the new red sandstone, 
suddenly ?antsh with the appearance of llie chalk. Two thirds 
tif those in the chalk and one third of those in the lower tertia- 
ry strata, belong to genera no longer existing. AmerietmJmtr- 
Holof Scit»ct, Vol. 30. p. 40, 41. 

SraMri. Tliia eoDitaaey in tbc chancier of rou'il Cihei hurnablpd H. 
AgiuKii to drtermioe the Iide silnatioa of ■rTcral froupi of rvck* in 
lh« ^olugical leslc, that geoIojiiU had bren DDible to fix; or had put 
thfia in toe wrong pUce. 

Prin. In some of tho group* of animals preserved in the 
rocks, certain types of organization predoniinale ; and such 
was the correlsliou between different fpccies, that they ofleu 
conform more or less to the prevailing type. 

Eiamflu. I. lathe older foMiliferoDi rocki, (rilobitesoeoaT in great 
^uanlitiM ; and in theold rrd aandatane n foaiwl a grnuj of fiahe* ap- 
broaching in form to the trilabttoa. Fig. 67. exhibiu a *pcoica of lata 
kind. 




Cefk^ofit Lyilii. 



Ex. 2. In the aeoondary strata, duriDg the depoiition of the oolite, ea- 
pi-cially, HUiian i:i.-ptilei prcTailedeiceedingiy. Agansii hu deicribed 
17 E'-ucra uf s«uraid fiihei, Toand ia all the formUioni froia the car- 
buoireroD* upward, exorpt the tertiarj : but only two renen. remain 
auiuni living Cihet: vii. the Lapidotteu* mhom or Bony Pike of Nurtb 
America^ of wliiob llieiig exist fits ipeciel and Iha Caly ptetua of two 

•ueciea. Borne of theK lauroid fiiliei in the rucka were of ena 

rue J Ihcii tcelh being largei llian Ihtne of Ike living oiocodile. 



Sharks. 

Deserip. These fifbes bceur in a living state all otaf tha 
globe ; and there *eems to have been no period in geological 
historf in which thej did not prevail. More than 150 specin 
have been found ToMilised. Fig. 6S, abovs a shark's tooth of 
enormous lize, Tound on Martha's Vineyard, now in the Ma- 
rine Museum in Salem. It is a good deal broken. 




Skark I TiMlh Murtka * yttuyard 



Ditftrtp Another sifi^tar rariely offish IS round in all the 
strata below the lias, disiinguiahed by their helerocercal orun^ 
symmetrical tails ; that is, by (nils whose upper lobe extends 
much the farthest, by the pr<riongation of the vertebral column. 
Fig. 09. represents one of these fishes of the genus Palaeoniscus. 
MoU lifiBg fiabes fain homooercow or n^uatt) hUnhiii* >»&». 
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CoproHtet, 

Descrip. The fecal remaios of fishes and other animals, 
which have been found frequently in several formations, have 
been called Coprolites. Sometimes they are found detached 
and sometimes in the body of the animal ; and the information 
derived from them, as to the food, habits, 6lc. of the animals 
to which they belong, is of ffreal irot>ortaiiee. 

lUuMiratum, A Coprolite or the lehtbyonuras wm shown to Prof. 
Agusiz, containing m flinall aeale of a fish ; which be imraediatelj re- 
eognized as having belonged originally to a particniar spot on the body 
of an extinct species of fish ; and thns he ascertained the food of tbo 
Ichthyosaarus. BuekUmi's Bridgncmi9r TruUise, Fol. l,p 191. 

RqjUiks. 

Def. The remains of Reptiles in the rocks are perhaps 
more remarkable, and have excited more astonishment and in- 
credulity, than those of any other class of animals. This is 
especially trne of that tribe called Stwriams ; which in popular 
language, b nearly the same as JUxards : though the Lizards 
properly so called, embrace only two genera of Lacerta. Cu* 
vier^s JRegne Animal, Tome 2. p. 90. 

Stumtmsm 

Descrip, The most remarkable feature of the fossil saarians 
18 their great sise, m compared with those species still found 
upon the earth. The crocodile is the only exception to this 
remark : the living species being probably as large as those 
that are extinct But the true crocodiles did not begin to ap- 
pear till the tertiary epoch. 

Descrip, No fossil saurian has been found below the magne- 
sian limestone of the new red sandstone system. It was not, 
however, till the oolite and wealden period that their number 
was large, and their developement complete. That may be 



truiy called the Agt of Reptiles; or the /^unM Ueiiii. At- 
least 40 species of Sauriaris haVe been described alrCfadj froiri 
the oolitic group, and 11 species from the Wealden RdckH. Ini 
all the formations there have been found about 80 species. 

Dtf, Dr. Bu^kland divides the fossil Saiirians into the Ma- 
rine, the Terrestrial, the Amphibious, and the Flying. Brid^b- 
water Treatise,VoL t. p. 165. 

Icthyosaums. 

Destrip. This animal, sometimes more than 90 (bet long, 
and of which 7 or 8 species are known, had the snout of s* 
porpoise, the teeth of a crdcodile, (sometimes amounting to 
180,) the head of a lizard, the vertebrs of a fish, the Sternutn 
of an Ornilhorhynchus, and the paddles of a whale : uniting in 
itself a combination of mechanioal contrivances which are now 
found among three distinct classes of the animal kingdom. 
One of its paddles was sometimes composed of more than 100 
bones ; which gave it great elasticity' and power, and enabled 
the animal to urge its way through the water with a rapid mo* 
tion. Its vertebrae were more than 100. Its eye was enor* 
raously large : in one species, the orbital cavity being 14 inchea 
in its longest direction. This eye also, had a peculiai^ con- 
struction to make it operate both like a telescope itnd a micro- 
scope : thus enabling the animal to descry its prey in the night 
as well as day, and at great depths in the water. The length 
of the jaws was sometime^ more than 6 feet. Its skin was 
naked, some of it having been found fossil : its habits were 
carnivorous, its food fishes and the young of its own species ; , 
some of which it must have swallowed several feet in length. 
This fish-like lizard was an inhabitant of the ocean. Fig. ' 
70, exhibits a restored Icthyosaurus, by Mr. Hawkins. Memoirs 
of Ichthyosauri and Plesiosauri, extinct Monsters of the ait- ' 
dent earth. By Thomas Hawkins Esq, Folio with 28 plates. 

Fig. 70. 




fehthyosauruf. 

Plesiosaurus, 

Descrip. This animal, of which d or more spe(5ies havei been 
found, has the general structure of the l<i\5K^^^'wwN»-' '^^* 

12» 
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most remarkable difference is the great length of the neck ; 
which has 33 vertebrs : a larger number than in any known 
animal : those of living reptiles Tarjing from 3 to 6, and those 
of birds from 9 to 23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 99 vertebre. Its paddles were proportionally larger than in 
the Ichthyosauri. It was carnivorous; an inhabitant of the ocean, 
or rather of bays and estuaries : where it probably used its 
long neck for seizing fish beneath, and perhaps flying reptiles, 
above the waters. Fig. 71, exhibits a restoration of one of the 
most remarkable species, the P. DoUchadeirus, by Mr. Hawk- 
ins. 

Fig. 71, 




PUsiosaurus, 

Rem trk According to Dr. Harlan*! Medical and Physical Reiearch- 
ea, Ichthyosauri and Plesioaaari have been found in the secondary rock* 
of the United States. He has also described another ^i^antie reptile 
from this country under the name of Batrackio§aurus MissourUnMis, 
Mining Rtvitwfor January, 1839, p, 10. 

Mosasaurus. 

Descrip. Up to the time of the deposition of the chalk, the 
Ichthyosaurus and Plesiosaurus appear to have ruled in the* 
ocean : But then they disappeared, and the Mosasaurus took their 
place, to keep the multiplication of the species of other ani- 
mals within proper limits. It was most nearly related in its 
structure to the Monitor, a species of lizard now living. 
While the head of the largest monitor does not exceed five in- 
ches in length, that of the Mosasaurus is 4 feet long ; and the 
whole animal ^ feet in length : while the monitor is only 5 
feet in length. A had paddles instead of legs ; and the number of 
its vertebrae was 133. 

MegalosauTus. 

Descrip, This name (meaning a great saurian,) has been 
given by Dr. Auckland to a gigantic terrestrial reptile, from 
40 to 50 feet long, allied to the Crocodile and Monitor in alruc- 
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ture, and found in the oolite. The animal was carnivorous ; 
and in the structure of its teeth are combined the knife, the 
saw, and the sabre. Its principal food was probably crocodiles 
and tortoises. 



Iguanodon. 

Remark. For our knowledge of this most gigantic of all the reptiles 
of a former world, we are indebted to the industry and scientific acu« 
men of Dr. Mantell, who found its bones along with those of the Me* 

§alosaurus, Hjlaeosauros, Plesiosaurus, Crocodile, Slc. in the Weal- 
en Rocks in England ; a fresh water, or rather an estuary formation, 
extending over more than 1000 square miles. It must once have form- 
ed the delta of a large river, which has disappeared^ as well as the 
country from which it originated. Wonders of Geology, Vol, 1. p. 368. 

Descrip. This animal approaches nearest in its structure,^es- 
pecially that of the teeth, to the living Iguana : a reptile of the 
warmer parts of this continent ; and hence its name ; signify- 
ing an animal with teeth like the Iguana. Its average length 
could not have been less than 70 feet, and Dr. Mantell thinks 
some individuals must have exceeded 100 feet : Circumference 
of the body, 14 1-2 feet : length of the tail, 52 1-2 feet : do. 
of the hind foot, 6 1-2 feet : circumference of the thigh, more 
than 7 feet ! The form of the teeth shows it to have been her« 
bivorotts, like the living Iguana. It had a horn 4 inches long 
upon the snout, like some species of Iguana. Fig. 72, which 
represents an Iguana, will probably give some idea of the Igu- 
anodon. * 

* In looking at Mr. Martin's thrilling picture, that forms the Frontis- 
piece to Dr. Manteirs Wonders of geology, entitled The Counir y of 
the Iguanodon Restored, one cannot but be reminded of Miltoo*s 
graphic description of Satan. 

" With head uplift above the waves and eyes 
That sparkling blazed, his other parts besides 
Prone on the flood, extended long and large 
Lay floating many a rood, in bulk as huge 
As whom the fables name of monstrous size, 
Titanian,or earth born, that Warred on Jove. 
Briareos or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works 
Created hugestthat swim the ocean stream. 

Parmdise Lost, B§oh 1. lin$ 192. 
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Fig. 72. 




Igvana, 



Pterodaciyh, 

Remark. Of all the fossil animals probably this is the most heteroclit- 
ic, and at first view, monstroos. Hence anatomists were unable for a 
long time to refer it to its true plaee among animals; some pronoanc- 
ing it a bird, som^ a reptile, and some a bat. But Cnvier at last de* 
veloped its true characterS| and proved it to be a beautiful example of 
the wisdom that adapts creatures to peculiar and varied modes of exis- 
tenee. 

Descrip. This animal had the head and neck of a bird, the 
mouth of a reptile, the wings of a bat, and the body and tail of 
a mammifer. Its teeth, as w^ll as other parts of its stracture, 
show that it could not have been a bird ; and its osteological 
characters separate it from the tribe of bats fiut in many re- 
spects it had the characters of a reptile. The outer toe of its 
fore feet was enormously elongated, to furnish support, it is 
probable, for a membranous wing. By this means' it was doubt- 
less able to fly like the bat ; while the fingers with claws pro- 
jecting from their wings, enabled them to creep or climb. 
When their wings were folded, they could probably walk on 
two feel; and it is most likely also, thejr could swim. Their 
eyes were enormously large ; so that they could seek their prey 
in the night. They probably fed on insects chiefly; though 
perhaps, also, they had the power of diving for fish. Eight 
species, from the size of a snipe to that of a cormorant, have 
been found in the oolite and lias in Ensland, and on the conti- 
nent of Europe, at Solenhofen. Fig. 73, shows several of these 
animals restored. 



Fig. 7a 




JUmfrk. "TkiM," uj* Dt. Bnckluid, "like Hilton's firod, all 

insliGed for all HmcM, and all (' '- ■"-- " -■----• =• 

Aiil|Mai*n tbt the kinflred replilM l 
•don the ihorei of ■ tnrbuleal pUn 



With head, hinda, wingB, oi feet, puriu 
And awima oT ainka, or - - '-- 

"With flooka ofauck-l&e creatnrea fljiBrio the ur.and ahoali of 
no leaa monatiooa Ichlbjoiaari aod Pleaioaann •warming in the Dstia, 
aqd fifantie Croeodilea and Tortoiaea oranling on Uir ahorri of tti« 
primeYal lakea and rivfia ; air, *«a, and land muit han bven atiangelf 
teaaatad in th«e fBilj period* al onr inlknt world." BridgriBauit 
IWatwa fal.!./. 9M. 

Crpeodilts a»d Tortoit«s, 

Dtsirip. or twelve speeiAi of the erocmlile family now Mf 
ing, three >re Alligators, eight true croeodilea, with a short Mid- 
broad aoout, and one, the Gavial, with a long aiid narrow beak, 
adapted far Teeding on Hah. Of the six at more foanil species, 
all those in the ■eooadsry rook* approach in structure the Gn- 
vial ; probably because few other snimals then exialed but fish 
on which they ooutd feed. Theee Gaviaj >aiirians are called 
TekosoKri tmd Stenemmiri, Of the rarmer, one has been found 
18 feet long, with 140 teeth. Tb» fossil crocodiles with short 
snouts, diffiar so little front •KWting Bpecies, as loneed no de- 

Ikterip. Tortoises, both marine, fresh water, ftod Iftnwiwv^-,^ 
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have been found fossil in all the formations above the coal for- 
mation. One of these in the Muscheikalk, a sea turtle, was 
8 feet long. Numerous traclM of tortoises have also been 
found on the new red sandstone in Scotland : but these will be 
described in a subsequent part of this section. 

Birds. 

Twenty species of bhrds have been found in diluvium ; ten 
in the tertiary strata,' and receotly, one 'species of Qrallae, or 
Waders, in the wealdeD formation : and these are all the fossil 
relics of this order of animals yet discovered. The tracks of 
more than 20 different species' of animaJs have, however, re- 
cently been brought to light in the valley of Connecticut river, 
in Massachusetts and Connecticut, on what is thought to be the 
equivalent of European new red sandstone ; and a large part of 
these resemble the impressions of bird's feel more than those 
of any other known animals. But these will be more particu- 
larly noticed farther on. 



MAMMALIA. 

Desnrip. There is reason to believe that the Marsupial Mam- 
malia appeared earlier on the glol>e than any other animals of 
thin class. For Dr. Buckland has found two undoubted vpecies 
of Marsupials in the oolite in England : and the tracks of an- 
other species of a similar animal in red sandstone, near Hild- 
kurghau.«en in Saxony, as well as in two places in England, 
have recently been described ; as will be more fully detailed in 
another place. 

Drsrrip, With the above exception, all the other fossil mam- 
alia occur ip the tertiary strata and diluvium. In the Eocene 
tertiary, as many as 50 species have come to light. - Cuvier de- 
scribed 78 specie.s in his great work, the (hsemms JFhsnks; 49 
of which are extinct : and since that time, the nuro4>er has 
been increbsed to nearly 200. 

Drscrip. Among these fossil animals, are many of existing 
genera, and fo nearly related to existing species, that a partic- 
ular descript'on will be unnecessary. Such are the fossil spe- 
cies of the Rhinoceros, Hippopotamus, hog, cat, glutton, horse, 
ox, deer, bear, hytena, weazel, hare, rabbit, rat, mouse, d^c. 
In general, however, the fossil species are of a larger size than 
those now living; indicating a warmer climate when they were 
upon the globe. 
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Desrrip. The marine fossil maminalitf, such as the whale, 
the dolphin, the seal, the walrus, and lamentin, occur as we 
should expect, in tertiary strata deposited in the ocean ; and 
some of the terrestrial mammalia are found mixed witli marine 
animals in salt water formations ; having been drifted into tlie 
ocean by rivers. Other terrestrial mammalia are found in 
fresh water formations, deposited at the bottom of lakes and 
ponds durini^ the tertiary epoch. Others occur in caverns and 
fissures, which existed in the dry land during the same peri- 
od : and finally, similar remains are found dispersed through 
the diluvium, which is spread over formations of every age. 

Descrip, The history of bone caverns and fissures, as describeil 
by Dr. Buckland in his splendid work entitled RcNqui/B DUHvi' 
aruBf deserves a more extended notice than can here be given. 
From a careful examination of these osseous caverns, by Dr. 
Buckland, it appears that some of them, as that of Kirkdale, 
Kent's Hole, 6lc» in England, were the residence of hysenas 
for a long time previous to the Historic Period ; and that these 
animals dragged in thither great quantities of bones of other 
animals on which they fed. This is proved by the broken and 
gnawed state of the bones, and by the great quantity of copro- 
lites belonging to the hyaena found in the caverns. Other cav- 
erns appear to have been the abodes of bears for a long period : 
as those of the limestones of centra! Germany. In one of 
these, the cave of Kuhloh, more than 500 cubic feet of black 
animal dust, impressively -denominated tHe dust of deatk, were 
found, resulting from the decomposition of bears; which 
must have required at feast 2500 of these animals ! The bones 
of the Osseous Breccia, found in fissures in Somersetshire in 
England, and on the northern shores of the Mediterranean; be- 
long mostly to animals that fell into fissures that were after^ 
wards filled with diluvial detritus ReHquia Diluvianm p. 137, 
€tnd 148. London 1823. Dc la JBecke's Manned of Geology^ 
p. 181. 

Descrip, Sometimes ossiferous caverns have been used by 
man as a place of habitation, or more frequently as a place of 
sepulture. And hence his bones, as well as fragments of pot- 
tery, and other relics of a rude people, sometimes are found so 
mixed with the remains of extinct animals, as to lead to the in* 
ference that they were deposited during the same period. In- 
deed, in some of these caverns in the south of France, it is still 
believed by some geologists, that the remains of men were of 
contemporaneous deposition with those of the extinct mamma- 
lia. The English geologists appear to be decidedly of the op- 
posite opinion. 
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Descrip, Osseous breccias have been found in Australasia ; 

containing bones of the kangaroo, wombat, dasyurus, koala, 

halmaturus, elephant, hypsiprimnus, 6lc, most of which are 

animals living in that country. 

Descrip. In the United States a few ossiferous caverns hare been 
found, though none of them exactly corresponding with the European 
caverns. Some of them appear to have^ been filled with fragments of 
rooks and bones which were partially cemented by stalagmite, during 
the alluvial or historical period. An example of this kind has been 
communicated to me by Prof. L. F. Clarke of the college of East Ten* 
nesee, in a letter dated Aug. 23d, 1838. The cavern is situated in the 
town of Chittenden, Vt. from 2000 to 3000 feet above CHter Creek, and 
in limestone interstratified with mica slate, having an easterly dip of 
about 65**. The bottom of the cavern has a westerly slope, as shown 
in Fig. 74, which is an imperfect sketch from roemoiy. 



Fig. 74. 




Bmu Cavern: CkiUenden Vermont. 

The roof and sides ot the cavern are Covered with large stalactites 
and the bottom with loose fragments of rocks, in many places to the 
depth of at least 5 feet. The fragments at the surface are mostly ee* 
nented together by stalagmite, but rarely at much depth. The bones 
are scattered among the fragments, and are much broken, and many of 
them gnawed by the teeth of some small animal. These bones, so fk^ 
as they have been anatomically examined, appear to belong to existing 
animals ; among which those of the bat were very abundant : and it is 
supposed that some of them belonged to the wolf, racoon, &>z They 
appear very fresh, still retaining most of their animal matter, much 
more than the bones from the English caverns. From all the facts I in- 
fer, that this cavern was produced by running water which probably 
had an outlet at A, and that the fragments of stone yr^re thus accumu- 
lated, while the stalagmite was forming and the bones were being col- 
lected, both by carnivorous animals, and by the death of others that 
might have made this cavern their habitation, during the alluvial or 
historical period. I ought to say, however, that Prof. Clark is inclined 
to regard the period in which this work was Accomplished, as antedila- 
vial : and he is not aware of any opening in the rock beyond A. 
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Early P achy dermata, ■■''■• 

Descrip. In the older tertiary strKta around the city of Paris, 
Baron Cuvier has brought to light mere than 40 extinct quad* 
rupeds, many ofthcm allied to the moijcm ppmhydermata, or thick 
skinned animals. Fig. 7S,exKibiU|lti€l (orn of the Anoplotherium 
gracile, which was ^the size 4nidkfcrin €S tbe gazwe, living 
like the deer and' the anteJop«*^ Fig. 7# ieiU^^^bflo^^A 
commune; an animal abont the^ze of the wif}^tpM^%ith the 
means of swimmiasr with facirhy.'Kg. 77, is the PakBotherium 
magnum^ of the iiize of the hor^t, but more thick and clumsy. 
Probably it had a trunk. Fig. VE^as the Paltsotherium minui, 
of the size of the roebuck. 

Fig. 75. Fig. 77. 




7h Anoplotktrium granLe : 7S Anoplotherium commwu : Tt PalaothtiriMm 

magnum : 78 P. minify. 

Mammoth^ or Fossil EkpSanL 

Descrip, Two species of living elephant .are kpown ; the 
Asiatic, or Indian, which extends only to the SlaC degree of 
north latitude : and the African,* which Ofscum aa far aoath as the 
Cape of Good Hope. A third species is fouild in a fossil state ; 
especially in the northerii parts of Asia and Edrope ; as wall aa 
America. It is this extinct species, that goes 1^ the name of 
mammoth — an Arabic word {behemaihj sfgnifymg elephant. 
Fig. 79, exhibits the skeleton of. the remarkable specimen 
found encased in frozen mod on the shores of the arctie ticean, 
in Siberia, with its soder parts presetfredi as has 6<Ben already 
described. This skeleton ia now dqpdsiiied in the Museum of 
Natural History in St. Petersbimk . Its length is 10 feet ; and 
its height 9 feet. Its hair, of wnich^Q ^\wkd^^«^^ ^x^awts^^. 
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MnBiited of black briadea, IS inchei long, mixed with w«oI vf 
a reddiah brown eolor. - 



. Fig. 70. 




Discrip. Although the mastodon » fre^urat^ vailed ihc 
mammoth in this coontry, where the remaiDS of the largesl 
■peciea are ibirodani, jet. it difiera genericallj from the ele- 
phant in the fotm of it> teeth ; as mhy be aeon in Sm- SO and 
81 below. Fig. 80 js a aide r(ew of the grincfer of tliti Maito* 
don, and Fig. $], nf^rresmta the fiat surface of the Himmotb's 
grinder 



Fig. 80.. Fig. 81. 
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Descrip, No less than seven species of mastodon hare been 
discovered in a fossil state ; viz. three in Europe, two in South * 
America, one in the United States, and one in India. Th« 
largest species, M, maximus, has been found in almost ever/ 
part of the United States; though most abundantly in the sak 
licks of Kentucky, Ohio, &c. The most easterly point where 
the bones of these animals have been. found, is Berlin in Con- 
necticut. An almost entire skeleton has been put up in the 
Museum of Mr. Peale in Philadelphia, which is 15 feet long, 
and 11 feet high. This was found in Orange County, New 
York. The most remarkable locality in this country is at the 
Big Bone Lick in Kentucky ; where a vast number of bones of 
various extinct animals are imbedded in dark colored mud and 
gravel, wbich appears to have been formerly the bottom of a 
marsh. This spot has been examined by William Cooper, Esq. 
with his usual discrimination and accuracy ; and he is of opio^ 
ion that the deposite containing the bones is to be regarded at 
diluvial. He estimates that the bones of 100 mastodons, 20 
elephants, 2 oxen, 2 deer, and one megalonyx, have already 
been carried from this spot. 

Rhinoceros, Hippopotamus^ Hytsna, Horse, Ox, Deer, 
Sivaiherium, Monkey, Camel, S^c. 

Descrip. Most of these animals in their fossil state, differ to 
little from the existing species, that they need not be particularly 
described in this work. They are generally however, of larger 
size than the living species. The rhinoceros found undecayei 
in the fossil gravel of Siberia, Has already been noticed ; and 
several other specries of this animal occur in Europe and in 
India, associated with the bones ofthe elephant, also with several 
species of hippopotamus, and one or two of oxen, aurochs, and 
deer. The horns of the fossil ox, are sometimes verv large : in 
one example 31 inches long. So also the famous fossil elk of 
Ireland, (Cervus giganteus,) had horiis that measured 10 feet 
10 inches between their tips. Jameson's Cuvier's Theory of the 
Earth, p. 246. The most interesting remains of the hyena are 
those found in caverns. (See JReliquia DiluviamB,) The 
Bivatherium is an extinct animal recently found in India, in 
concretionary diluvium, larger than the rhinoceros, furnished 
with four horns and a proboscis, and forming an intermediate 
link between the ruminantia and pachydermata. In the same 
deposite were found the remains of a gigantic species of mon- 
key and of a camel. Another species of monkey has also been 
discovered in tertiary deposits in France : so that the iiEL^\\»aE!X 
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fact seems iiow well established, that the auimals approaching 
nearest to man in their structure, have beeo found in a fossil 
atate. Wanders of Geology, Vol I. />. 138 and 226. 

Mfgatkcrium» 

Descrip, Sloth and Armadillo, Because the Sloth (Brady^ 
pustardigradusjh not adapted for walking on the ground, 
some writers, and even some naturaliats^ (Bufibn, d&c.) have 
xrdiculed its structure, as if it indicated want of wisdom in its 
structure. But it now appears that the animal was intended to 
live continually upon trees ; and that its long fore legs, with 
long and very crooked claws, are admirably adapted for this 
purpose. The Af^nadillo, as is well known, is covered with a 
bony armour for defence against enemies, dust, &c: The few 
Jiving species of this animal are smr.ll and confined chiefly to 

' South America where they burrow like the woodchuck. 

■ '. Descrip. The Megatherium is an enormous extinct animal, 
which was qnce abundant in the vast plains or pampas of the 

, - same continent. They have been lately found by Mr. Darwin 

: jove'r an extent of 600 miles, accompanied with bones and teeth 
of five, other quadrupeds, some of them of a similar construction. 
Dr. Mitchell and Mr. Copper have also described bones of this 
animal from the island of Skiddaway, on the coast of Georgia. 
Auckland $ Bridgewaier Treatise, Vol, II. p. 20. Annals of 
N, Y, Lyceum, May, 1824. It was larger than the rhinoceros, 
and its proportions were perfectly colossal. With a head and 
neck like those of the slotn, its legs and feet exhibit the charac- 
ter of an armadillo, and the ant eater. Its body was 12 feet 
long, and 8 feet high. Its forefeet were a yard in length, and 
more than 12 inches wide ; terminated by gigantic claws. 
Across its haunches it measured five feet ; and its thigh bone 
was nearly three times as thick as that of the elephant. Its 
spinal marrow must have been a foot in diameter ; and its tail, 
at the part nearest the body, twice as large, or six feet in cir* 
cumferencel Its teeth were admirably adapted for cutting 
vegetable substances ; and its general structure and strength 
seem intended to fit it for digging in the ground for roots on 
which it principally fed. Pig. 82, exhibits the entire skeleton 
of this animal, which exists in the museum at Madrid, in Spain. 
Bucklands Bridgewaier Treatise^ Vol L p, 199. 




e Armadillo : Bnt Mr. Owen, Uw dia- 
lingiliihed compantive an&lainlit, ui of opiTtion, after ■ csrefal examin- 
alion, that aueh wu not the. cue; and that thii anirasl ipproacbed 
more aearir in eharaoter to thft ant eaten asd atotha, than to the Aittw- 
dillo. L^ mnd Edim. JV>1». Mug. Jidy 1839. 

MegaioMyx. 

Desrrip. This animal waa first described bjr Hr. Je^rson, 
who miatook its chiractern It wasfounid in (he nitre caverna 
of Virginia and Kentucky, and baa lioce boen diseorMod U 
other placpi. It «u of the si>e oftlw.QK) ud appears to h«n 
been nvvtlj related to the doihi. 

Dinolkeriiat. 

Deserip. Until FKently the inaromolh and the maitodon 
have been wpposed tlie largeat of all the terreatial mnnimalift 
thai have ever inhabited the earth : But ihey must give place to 
the DinotheriuH), deacrihed by Cuvier as a gigantic, tapir, but 
recently by Proressor Kaup, a distinguished German naluraliat, 
~as a new genna between the tapir and the maslodon ; and adap* 
ted to that lacustrine condition of the earth which seems to havo 
-been so common during the deposition of the tertiary alrnta. lit 
reniaiDS hare been found in tertiary strata, iu the south of France, 
ia Austria, Bavaria, and especially in Hesae Darmstadt. lU 
IsDgth must hare beea aa much aa 18 feet. One aC \v» ^xuart^ 
13* 
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rem>rk«bte peculiarities conaisled in two enonMus taaka, it tbe 
anterior exiremitj of the lower jaw, which carred downwardt, 
like ihoM of tbe Walrus. Ita general structure seems to haT« 
been adapted to digging in the ground ; and for this purpooe its 
feet as well aa tusks, projecting a fool or two beyond the jaws 
which were four feet long, were intended. It lived principalljr in 
the water like the hippopotamus ; and it probably used its tuaki 
for tearing up lb« roots of aquatic T^lables, which, sa it showa 
bj ita teeth, eonstiluted its food. Dr. Buckland suggeata also, 
(bat these luska might have been usefal as an anchor faalened 
into the bank of a river, while the bod; of the animil floated in 
the water and slept. Thej might have been useful also, to ■14 
in dragging the body out of the water and for defeoce. 

Fig. sa, IB a sketch of the Dinathehum gigtmtaim as restored 
bj Prof. Kaup. BwklancFt Briigtieater Trtatise, Vol. I. p. 
135. Another species, the D. Bararicum, haa been discofered. 



Fig. 83. 




Dijwtktrium. 

leknoUtkotogif .- or tke tEatory of Fossil Footmarh. 

Descrip. This singular branch of palaeontology has hot 
lately begun to attracl the attention of geologists ; since it ig 
only within a few years that genuine examples of tbe tracks of 
animals in stone have been found. It is, indeed, and long has 
been the common belief, that such impressions are frequent ; 
but the geologist usually finds that they are merely tbe effects of 
disintegration or aqueous action, by which the softer parts of tbe 
rock are more worn away than the harder parts. Tbe following 
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are all the well authenticated examples- of fossil footmarks that 

ha?e been discovered up to the present time. 

Example 1. In the Transactions of the Royal Society of Edinburgh 
for 1828, Dr. Duncan has given an account, with drawings, of the tracKt 
of a quadruped on new red sandstone in the quarry of Corn Cockle 
Muir, in Dumfrfes-shire, Scotland. These tracks have been found there 
in great abundance, on many successive layers of the stone, to the 
depth of 45 feet; or as low as the quarry had been opened. They oc- 
cur also in another quarry, 10 miles south of Corn Cockle Mnir, where 
one series of tracks extended from 20 to 30 feet. Dr. Buckland seems to 
hare satisfactorily shown that they were made by tortoises. Bridgewoitr 
TVeoliM, Vol, /. p. 259. 

Examjfle 2. In 1831, Mr. G. P. Scrope found numerous footmarks of 
small animals on the layers of Forest Marble, north of Bath in England. 
They occur along with ripple marks, and were probably made by Crus- 
tacea, crawling along the bottom of an estuary. The impression of 
the tail or the stomach is sometimes visible between the rows of tracks. 
Journal of the Royal Institution of London j 182(l. v.538. 

Example 3. In 1834, an account was published in Europe of some re- 
markable fossil footmarks on the gris higarre (new red sandstone,) at 
Hessberg, dear Hildberghausen, in Saxony. Accounts of these im* 

£ressions have been given by Drs. Hohnbaum and Sickler, Professor 
lanp, M. Link, and Saron Humboldt. The largest track appears to 
have been made by a marsupial animal, whose hind foot was 8 inches 
long. This animal Prof. Kaup has named Ckirotfterium, from the re- 
semblance of its track to a human hand. Some of the tracks appear to 
have been made by tortoises.; and M. Link, who has made out four dis- 
tinct species from these tracks, suggests that some of them may have 
been made by gigantic Batraehians. (Frogs, salamanders, &e,) Buck" 
lands Bridgewater Treatise, Vol, I, p, 263 and Vol, It. p, 36. Wonders 
of Geology, Vol, II. p. 423. Am. Jourw^ ScUnce, Vol, XXX, p, 191. 
Fig. 84, shows a few tracks of the Chirothertum on a slab of sandstone 
from Hessberg. (See specimens in the Cabinet at Amherst College.) 

Fig. 84. 






Example 4, In 1834, a few very distinct tracks resembling those of 
birds, were discovered in the red sandstone of the Connecticut Valley, at 
Montague in Massachusetts. Subsequent examination discovered 
similar impressions at several quarries in the same valley and State : 
and an account of seven species was given in the American Journal of 
Science for January, 1836, under the name of Ornithichnites, or stony 
bird tracks. Some of them are very small, the toes not being more than 
half an inch long ; and the length of the step not more than 3 or 4 
inches: while others are of enormous size: the foot being 17 inches 
lon^, including a claw of 2 inches; and the length of the step from 4 
to 6 feet. In another species, if we include a singular impression be- 
hind the toes, that appears to have been made by a large heel, the 
whole length of the track is 2 feet, and of the step, 6 feet. 

Since the time when the account above mentioned was published, I 
have made still farther discoveries on this subject. I am now acc^^vc^iei^. 
with more than 20 species of these imprea«ioii«)Q^^>ax\vEk^^\^^^'»x>»%^ 
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in a distance of 80 miles, alon^r the banks of Connecticut river, between 
the north line of Massachusetts, and Middletown in Connecticut. So 
perfect is the impression in some cases, that one specimen shows the 
pitted, ridged, and furrowed skin, or the bottom of the foot. I have al- 
so examined a much larger number of the feet and tracks of different 
sorts of living animals, and the evidence seems still quite conclusive, 
that a large proportion of the fossil tracks must have been made by birds 
of the Grallae family. Yet some species greatly resemble the tracks of 
Saurians, though I have almost no evidence that any of them were made 
by animals having more than two fieet. Hence I have denoninated 
such tracks Sauroidichnites ; that is, tracks resembling those of Saurians: 
And perhaps it would have been more consonant to the cautious spirit 
of genuine science, to denominate the others Omithoidichnites^ tAiher 
than Omithichnites ; that is, tracks resembling' those of birds, instead of 
asserting that they are actually such. I strongly suspect, indeed, that 
nearly all these tracks were made by birds ; though some of these birds 
might have partaken largely of the Sauroid type, which seems to have 
been introduced about the same epoch, acbording to the principle stated 
on page 130. Yet so long as any doubt remains on the subject, it may 
be wiser to give names wliich do not imply absolute knowledge. A iew 
bones lately discovered in the same sandnone formation, inspire th« 
hope that certainty on this subject may reward persevering enquiry. 
Fig. 85, shows four tracks on a slab of gray sandstone in my posses- 
sion from South Hadley, Massachusetts. (See numerous specimsns in 
Amherst College.) 

Fig. 85. 
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Example 5. In the summer of 1838, tracks of the Chirotherium, tor- 
toises, and saurian reptiles were discovered in the new red sandstone, at 
the quarries of Storeton Hill, below the Meuse and the Dee, in England. 
The largest track of the Chirotherium is 9 inches long, and 6 inches 
broad : Lenfth of the step, SI to !23 inches. At least 6 species of tracks 
occur at this spot. A track of another species of Chirotherium, of still 
larger size, has been found, probably in the red sandstone, near X&r- 
porly : and Sir Philip Egarton is of opinion that this is different from 
that at Storeton, and that both differ from thd one found at Hessberg ; 
60 that evidence is now obtained of the existence of three species of 
Chirotherium, at the epoch' ot the new red sandstone. The Mining 
Review, for Dee. 1838, p. 180. 

Example 6. At the meeting of the British Association for the ad- 
vancement of Science in the summer of 1839, Dr. Ward gave an ac- 
count of some fossil footmarks discovered on the new red sandstone 
near Shrewsbury, in England. These impressions are trifid, like those 
in the sandstone of the Connecticut valley. The three toes appear to 
have been armed with long nails ; and in this respect, also, they corres- 
pond to those in our country. I have, however, seen only a brief ac- 
count of Dr. Ward's communication. American Journal of Science, 
Vol. 38, p. 197, January 1840. 
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Example 7. In Prof. Leonhard and Bronn's Jonmal of Mineralogy, 
Geognosy, Geology, and Palaeontology, for 1839, Dr. Cotta baa given 
an account of some singular footmarks in new red sandstone in Saxonj, 
some 20 or 30 miles from Leipsic. The form of these tracks is very 
peculiar. They are two toed ; or rather resemble a horse shoe, except 
in being usually somewhat angular. Dr. Cotta could not find any reg- 
ular arrangement of the tracks ; yet be speaks of obtaining full evidence 
that the impressions were produced by the feet of animals ; and he 
thinks it most probable of biped animals. He found only figures in re- 
lief on the underside of just such a layer as contains the tracks at Hess- 
burg. American Journal of Science Vol. 28 ^ p. 255. 

1 have in my possession a few impressions in sandstone froni Weth- 
ersfield in Connecticut, which nearly correspond to those described by 
Dr. Cotta: And although I have suspected that they must have re- 
sulted from an organic agency, yet I have not ventured to call them 
tracks : nor have the statements of Dr. Cotta which 1 have seen, re- 
. moved all doubt from my mind in respect to those which he describes. 
I have regarded it as a sine qua von on this subject, that we should be 
able to point out the successive steps of the animal. Yet if these im- 
pressions be not tracks, 1 know not what they are ; though 1 have been 
rather disposed to believe that they may be explained by a peculiar 
concretionary structure. I speak here, however, of those from Weth- 
ersfield ; for this is one of those. cases, where I do not believe any one 
competent to decide, who has not seen the specimens; and I have not 
seen those fi-om Saxony. ^ ' 

Rem. 1. 1 have recently received specimens of the tracks of Chirotheri- 
um, from Hildburghausen in Saxony : and I find that they correspond 
in general appearance to those from New Kngland : although the shape 
of the foot is quite difforent. 

Rem, 2. It will be seen that 1 do not adduce as an example of fossil 
-footmarks, the imprpsiions of the human toot, which w^re found on 
-limestone on the banks of the river Missisippi, in front of the city of 
St. liouis, in Missouri, and which have been described by Mr. School- 
craft in the 5th volume of the American Journal of Science. 1 omit 
them because I. do not think there is sufficient evidence that they are 
natural impressions. They occur in a blue limestone, containing abun- 
dance of encrinites and other analogous remains, and which is probably 
the carboniferous limestone of£urope. {Featktrstonehaugh's Report. 
1835 /». 28. 8^c.) It will surely require strong evidence to prove, in op- 
position to all that geology teaches in every other, part of the globe, 
that man existed when the limestone of the Missisippi valley Was 
being deposited at the bottom of the ocean. Yet I am prepared to be- 
lieve that he did, when on splitting open layers of that limi^stone, con- 
tinuous human steps shall be found impressed on the lower layer, and 
in relief on the upper. But only one pair of footmarks have yet been 
found, and those upon the exposed surface of the rock. They were 
probably formed by the ancient inhabitants of the country, or by the 
early white settlers, who had iron tools. If they are as perfect as the 
drawing in the Journal of Science, they could hardly ha?e been form- 
ed by water : and yet water often produces very remarkable imitatrve 
forms in limestone. 

Remark 3. It is a singular fact, that nearly all the examples of fossil 
footmarks hitherto discovered, occur upon some member of the new 
red sandstone system. There must have b^en something peculiarly 
fkvorable, either in the nature or mode of deposition of that rocky tA 
the praeervation of these impressions, 
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Inftrence, These impressions must probablj ih every in- 
stance have been made on the shores of an estuary, between 
high and low tide mark : for if made upon dry land, it is 
difficult to conceive how they should have been preserved 
from being obliterated by atmospheric agencies; or how mat- 
ter should have been deposited above them to preserve their 
form : Yet the fact that the impressions of rain drops some- 
times accompany the tracks, (as will be described shortly) shows 
that when impressed the mud must have been above the water. 
Probably the influx of the tide brought in silt enough to pre- 
serve the impressions. 

Impressions of Rain Drops. 

Descrip. In the same formation of red sandstone that con- 
tains the footmarks in England, are found inost distinct impries- 
sions of what appear to have been the drops of rain. In the 
Storeton quarry, where are found the tracks of the Chirotherinm 
'* the under surface of two strata at the depth of 32 or 35 feet 
from the top of the quarry, presents a remarkably blistered or 
watery appearance^ being densely covered by minute hemis- 
pheren of the same substance as the sandstone. These pro- 
jections are casts in relief of indentations in the upper surface 
of a thin subjacent bed of clay, and due in Mr. Cunningham's 
opinion to drops of rain." Land, and Ed. Philos. Mag. 1839. 
Sometimes these impressions arp perfect hemispheres : in oth- 
er canes they are irregular and are elongated in a particular 
direction, as if the drops struck the surface obliquely : appear- 
ing in fact as if a wind had accompanied the rain. Tracks of a 
small animal accompany these impcessions. American Jour* 
nal of Science y Vol.^ />. 371. Dr. Ward describes exactly 
the same appearance in the new red sandstone near Shrews- 
bury in connection with tracks and ripple marks. Am. Jour. 
Sci. Vol ^. p. 127. 

I have specimens of precisely the same character as the aboye from 
WethersBeld in Connecticut ; where they occur with footmarks and rip- 
ple marks. Like the English spceimens, (which however I have, not 
seen,) these show distinctly tl]|e direction of the wind when the rain 
fell. Furthermore, I have formed a fine clay into paste, and on sprink- 
ling water upon it, precisely the same indentations are produced as exist 
upon the sandstone. 

^'Rtm. It is a most interesting thought, that while millions of men, 
who have striven hard to transmit some trace of their existence to fu- 
ture generations, have sunk into utter oblivion, the simple footsteps of 
animals, that existed thousands, nay, tens ol thousands of years agfo, 
should remain as fresh and distinct ^s if yesterday impressed ; even 
though nearly every other v«stige of their existence has vanished : 
Nay, still more strange is it, that even the pattering of A shower at that 
distant period, should have left marks equally dintinct^ and registered 
fr/fh Jn/kJlible cerUinty, the direction of the wind | 
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Synoptical View of tie JPoml FooinfLorks, 

■ I- '■ 
lUmmrk. If it be desirable toclasMQr tb«. fmnl footmarks that haye 
been described, perhaps the following arrangement which will give a 
synoptical view of the whole subject, may answer till a better one te 
proposed. 

CLAiSS. ICHNOLITES. 

Oriler l/roLrpoDicH5iT£i. 

One epecies made by a crustacean on Forest Marble, near Bath, Eng- 
land. , •> 

0rdvr2, TXTRAPOQICHKITXS. 

' I ■ 

1. Three species nMe by ^hirotheria ; two J|h England «b4 one ia 
Germany. 
S. By Banrians in England. ? . ' 

8. By Tortoiees in Scotland andOermatiy. > Nine speeies in al). 
4v By Batraohians in Germany. ) . 

Orifer 3. DiroDicuiiiTZi. 

■ ■ - ■ " • 

\y /n Massachusetts and Conneeiieti/t, 
«. Stturaidicknites, 
1. Barrattii. 
.,• •■ .2. Palnutas. 

3. Minitiaiw. 

4. liongip^s. 

& Pelemarchius. 

]j* 1 Species to be nanied ^^ 

^* I and described in my 
^* V Final Report, on the 
'^' Geology of Maesa- 
clKisetts. 
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6. OndtkaiaehniiBi. 



1. PoidufdaeijfHi 

1. Gigantens. 

2. Toberoeos. 

3. Divaricatns. 
4« Cnneatus. 

5. Parraltts* 

2. LeptodactiflU* 

6. fttjgene. 

7. Drrersoe. 
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8. Deanii. 

9. Teaais. ■ 

10. BliBimiu.' 

11. MiBwealas. 
19. Tetn^MljlM. 

13. GneilM. 

14. MacrMactjlas. 
15. 

S. In Emrmpt, 

1. One or more speciei near Skretrsbnry in England. 

2. Do. In Sazmj. 

• • ' ■ ' 

12. Cremeral Imferaues. 

tUmmrk. I haTe passed over sereral impor^nt inferences derived 
chiefly from paleontologj, Wcanse tliey were iK>t dedncible frost anj 
one statem e nt tkat has been made, and I thon^t it best to pr^sept 
them in the conclnsien of this 8e ct ioB with a snnMiarj of the ptoof. 

Jmftrenee 1. The present cootinents. ol the globe, (ezc^ 
perhaps aome hifh oiauntaiBS,) b«Te for a long period oottilits* 
ted the bottom of tbe ocean, and bare been ao ba e q u etly elev^ 
ted. 

Proof. 1. Two thirds at least of these continents are cover- 
ed with rocks, often several thousand feet thick, abounding in 
marine orgnnic remains ; which must have been quietly depos- 
ited, along with the sand, mud, and calcareons or ferruginous 
matter, in which thejr are envdoped, and which could have ac- 
cumulated but slowly. 2. The primiUve regions of the globe 
bear marks of powerful abrasion bj water from some cause no 
longer acting upon them ; and which can be eiplained only by 
supposing the waters of the ocean to ha?e flowed over them for 
a long period. 3 The secondary and primary strati6ed rocks 
are almost universally fractured and raised up at various an^es, 
just as thejr would have been if lifted from the bottom of the 
ocean by a force acting beneath them. 4. Anticlinal ridges 
are so frequently found with a nucleas of unstratified rocks, as 
to point us to a sufficient cause, viz. volcanic agency, for the 

elevations that appear to have taken place. 

Remtmrk. This inference is to be regarded as piobably the most im- 
portant principle in geology, and as established im an imuKiveable 
Ibnndation. 

Inference, 2. Different continents, and diflerent parts of the 
same continent, appear to have been elevated at different 
qK>chs. 

Proof Let A. B. Fig. 86, represent a mountain ridge, with 
an axis (a) of unstratiled rock. Upon « lei tbe three systems 
of strata 66, ce, and dd^ rest upon the aiis, ttid upon one an- 
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other, anconformabiy, tnd dipping at different nngles, except 
dd, which ruppose horizontnl. Now it is obvious that the for- 
niatioDS ec, and bb, must have been elevated previous to the d»- 
poaitioD of dd ; otherwise the latter would have paTtalcen of the 
upward movement. And if there be no legnlar member of lUft 
Fig. 86. 




s obrious that n 
the chronological 



Epoekt of Eltvatiim. 



seriea of rocka wanting, between d, and c 
thua ascertain the geological, though i 
epoch, when ce was elevated, ec, however, is unconformable 
lobb; and therefore 66, was partiallj elevated before the depo- 
sition of ee : In other words, bb haa experienced at least two - 
elevatorj movcmenis. Now this is a just representation of the 
actual atate of things in the earth's crust ; and hence bj ascer- , 
taining the dip of the formations that are ii| juxtaposition, we; 
ascertain the different epochs of elevation. 

Facts. By the application of these principles, it is found that ■ 
the mountains of Europe have been elevated at no leas than 
twelve different epochs; the oldest of which dates as far hack 
as the time when the slatea of Westmoreland were tilted up : 
and the most recent, (the principal chain of the Alps,) is said 
to.be suhaequent to the deposition of the tertiary strata. So far 
as the subject has been examined in this country, ifappears that 
five or six aystema or epochs of elevation can be traced in our 
raounlains : though since the deposition of our secondary rocks, 
scarcely any movement has taken place : and though Klie (ie 
Beaumont anggeats that the elevation of the Andes was so ' 
recent that it may have produced the historical deluge^ yet the 
eastern side of our continent is probably of an older date than 
most of Europe, 

Frin. According to Glie de Beanmnnt, to whom we are indebtrJ ttt 
the fini ritfniive xeneratiniioni on this labject, although V«n Buak 
■od other ^ologiBti hsd previoualy made loeaJ >pplic&^oiiB of theiuae 
principW, chsini of oonlemponneouB elevation ue pariUel to one u- 
othfr, and "to the ■emi.ctrcuinferance of the earth'a aurface;" and 
heaee be infeM that mountain chaioi were elevated at the aame epa«li 
thongfa on different COD tinrati, if they areparanEl: that the chaia of 
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the Alleffanles, for intUnce, belosigs to a system of elcTmtioii which in- 
cludes tne Pyrenees, part of the Appenines, the mountains of the 
Mores, a part of the Hartz mountains, Mount Atlas, and other ridges 
in Africa, the Carpathian mountains, Mount Carmel, and Sinai, apart of 
the Caucasian chain, and the Ghauts. In the present state of our 
knowledge of these mountains, this conclusion is unwarranted ; for it 
is admitted by Beaumont, that systems elevated at different epochs may 
be parallel ; and until the geology of these mountains is better under- 
stood, it cannot be known but that these belong to different parallel 
systems.* (See LyelCs PrineipUs of Geology, Vol. 2. p. 470.) Yet it 
seems capable of mathemeticnl demonstration, that fissures produced 
by an elevating force, acting beneath a portion of the earth's crust, will 
be parallel when no two consecutive fissures are remote from each 
other ; and if another set of fissures be produced, by the force acting 
unequally at diftercnt points, these will be parallel to one another, also ; 
and approximately perpendicular to the first set. Hence Beaumont's 
principle may prove true over large areas; but much more extensive 
observations will be necessary before it can be spplied, except in limited 
districU. PhUlip's Geology, p. S >9. 

Jnf. 3. The convulsive movements by which systems of 
strata were elevated, appear to have been in most instances short 
compared with the intervening periods of repose, during which 
successive formations were deposited. 

Proof. 1. The deposites appear not to have been disturbed 
by any elevating force while in a state of formation, as this 
would hare changed the character of the organic remains ; {De 
la Beche*s Theoretical Geology, Chap. 12.) and the period of 
deposition roust have been in most cases very protracted. 

2. Iliid the elevating force been going on slowly during tlie de- 
position, the lower beds of the formation ought to have a greater 
dip than the upper beds ; which is rarely found to be the case. 

3. Paroxysmal convulsions are sufficient to account for the ap- 
pearances in most cases of the elevation of the strata. 4. In 
most cases there is no evidence of any long interval between the 
deposition of two rocks whose position is unconformable. 5. 
Some single local dislocations are of enormous size, amount- 
ing to 3000 or 4000 feet ; as in the Penine region of the north 
of England s and it is difficult to conceive how such faults could 
have resulted from a succession of minor forces acting 

* Mr. Lyell rPriiiciples ef Geology, Vol. 2. *. 471, KoieJ objecto to 
Beaumont*s regarding the Pyrenees and the AllegicBy mountains as be- * 
longing to the same system, because the former run W. M. W. and E. 
8. £ while the latter run N. £. and S. W. Now although I am notdw- 
posed to adopt this view of Beaumont, yet it is but justice to him to say, 
that if any one will cause a great circle on the artificial terresUial globe 
to poss over both the Pyrenees and the Alleganies, he will see that these 
meaatains must have the different directions mentioned above, in order 
to Bsake them *' parallel to the semi-circumlerence of the earth's sur* 
free,** which is the position taken by BeaomonU 
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through long intervals. 6. The doctrines of internal beat if 
admitted, furnish a sufficient force to elevate the highest moun- 
tains bjr a single effort PhiUip*s Geology ^ p. 260. 

Remark. The intervak between the deposition of consecutive strata 
may sometimes have been very great, if measured chronologically ; es- 
pecially where one member or more of the series of rocks, is tranting. 
In such cases the principles above explained do not enable us to deter- 
ifaine during what part of this interval the elevation of the strata took 
place. It is chiefly on this ground that Mr. Lyell attempts to overthrow 
the whole of Beaumont's reasonings and conclusions on this subject. 
But it seems to me that be has shown only that it is difficult to fix upon 
that point in the interval between two consecutive rooks, when the con- 
vulsive movements took place; and that the fundamental principle of 
Beaumont's theory remains unaffected. And in reapect^to the exact 
geological time when the elevation occurred, it is, to say the least, very 
probable that it took place just at the termination of the period during 
which the elevated rock was in a course of formation ; for such a con- 
vulsion furnishes, in many instances at least, the only known reasoi^ 
why its deposition was brought to a close. LyidVs Principles of Geology 
Vol. 2. p. 464. Other writers have adduced various objections to the 
views of Beaumont; as Dr. Boue, for instance, in \he Journal d% 
Geologie, torn, 3. p 338. 

/n^. 4. It is maintained by. Beaumont, that the changes in the loolo- 
gical and botanical characters of the formations, correspond in general 
to the epochs of elevation : that is, the period of elevation seems to 
have been the time for the destruction of one ffroup of organic races 
and the introduction of new species. But though this may be general- 
ly, it is not usually true. No great change, for instance, appears to have 
taken place in the organic characters of rocks below the Zechstein in- 
clusive. But this may in part be explained by the fact that all or near- 
ly all the animals before that period were marine, and consequently 
might very probably survive the upburst of a continent ; since Tioleni 
agitation of the waters would be the principal effect. 

/it/*. 5. In many instances the rocks appear to have saflkred 
one alternation or more of elevation and subsidence. 

Proof, 1. The phenomena of what is called the Diri Bed^ 
of the oolite formation in the isle of Portland, in Great Britain , 
are perhaps the best example in proof of this proposition that 
occurs. In a bed of black mould, lying between the Portland 
atone beneath, and the Purbeck atone above, (both of them 
oolitic limestones,^ there exist large prostrate trunks, and erect 
stumps of cycadeae, or tropical trees, which must have growo 
on the spot where the stumps now stand. The following coo* 
elusions seem to be fairly inferrible from the facts detailed. 1. 
That the limestone beneath this dirt bed was deposited at th« 
bottom of the ocean* 2. That this bottom must hare hmm 
elevated above the waters long enough for the accunulatioa )Bf 
the soil and the growth of the trees. 3. That the surface was 
next submerged befii^ath the waters of a freshwater lake ; neit 
beneath an estuary ; and oeii beneath a dee^ aea^Voik% ^^^^^ 



156 GSNEEAL INFBREirCBfl. 

for the deposition of strata 2000 feet thick. 4. That these 
strata have been subsequently elevated into their present terres- 
trial state in England. Bucklands Bridgewater Treatise, 

Vol I. p. .495. 

2. The coal formation may be mentioned as another exam- 
ple in point. In these formations there is sometimes an alter- 
nation of marine and freshwater remains, and always an alter-* 
nation of coal with shales and sandstones. Hence some geolo- 
gists are of opinion that the land, where the vegetation grew that 
formed the coal, must have sunk and risen again, every time these 
alternations occur. Others^ however, suppose that the coal 
plants grew on low islands of tropical archipelagos, and were 
transported into the bottom of the ocean, or of estuaries, when 
they were covered by deposites of sand, clay, and limestone, 
and again by other beds of vegetables, until a great thickness of 
these interstratified layers had accumulated. Freshwater and 
marine relics sometimes alternate in successive strata of the 
coal measures, because in an estuary the salt water would occa- 
sionally prevail over the fresh water from the river which 
emptied into it. See De la Beche*3 Manval, p. 444. Abd his 
Theoretical Oeology, p. 264. . Macculloch's System of Geology, 
Vol. 2. p. 312. Philip's Geology, p. 116. 

3. A third example is the alternating strata of freshwater 

and marine deposites in the tertiary series. But in this case, 

also, it is very possible to conceive how these alternations 

might have been effected by the successive predominance of 

rivers and the sea in an estuary as explained above. Phillips^ 

Geology f p. 164. 

Remark. EzampTes of more recent elevation and subsidence will be 
given in Section VllI : where will also be found the various theories 
proposed for the explanation of the phenomena of elevation and subiti* 
dence. 

Inference 6. From the phenomena of organic remains, it ap- 
pears that the species of animals and plants now existing on 
the globe, could not, with a few exceptions, have been coteni- 
poraries with those found in the rocks. 

Proof 1, If they had been cotemporaries, no reason can be 
given why the remains of the living species do not occur in the 
rocks ; which, with the exception of a few hundred species in 
the more recent tertiary strata, is well known to be the case. 
3. Comparative anatomists decide from the structure of the ex- 
tinct animals and plants, that they were intended for a climate and 
other physical circumstances so difierent from those now exist- 
ing, that the organic beings adapted to the one, could not hare 
endured the other. The period of the tertiary strata is the o6ly 
exception : and oven theO| the olimate iqppears to have been iq 
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high northern latitudes nearly as warm as at present belwcfea 
the tropics. 

Inference 7. Hence too we learn the mistake of those, who 
are in the habit of pronouncing very confidently that certain 
organic remains arepetrifactionsof existing animals and plants. 
For if they are obtained from the secondary rocks, the presump- 
tion amounts almost to certainty, that they cannot be the rep- 
resentatives of existing species. 

• Examples. Fossil trees are calliid oak, maple, hemlock, &c. fibrous 
tremolite and some varieties of mica and talcose slates, are called petri- 
fied, wood: enqrinites are called snakes: coal plants are called rattle- 
snakes : favosites and certain fossil shells are called butternuts and 
walnuts : some varieties of ancient polyparia are regarded as the horns 
of deer, others as petrified pork ; and even petrified squaws, pappooses, 
and buffaloes have been announced as existing in the far west. It is 
oAen amusing to see with how much confidence a man, ignorant of 
zoology and &tany , will pronounce upon these supposed cases of identi- 
calness. 

inference 8. It jappears that there have been upon the globe 
several distinct periods of organized existence, in which par^ 
ticular groups of animals and plants, "exactly adapted to the 
varying physical condition of the globe, have been created and 
have successively passed away. 

Proqf. If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has 
been established beyond all doubt, we shall still -find at least 
five nearly complete organic revolutions on the globe: viz. 1. 
The existing species. 2. Those in the tertiary strata 3L 
Those in the cretaceous and oolitic systems. 4. Those in the 
new red sandstone group. 5. Those below the new red sand* 
stone. Comparative Anatomy teaches us that the animals and 
plants in these different groups could not have lived in the 
same physical circumstances. 

Remark, The animals in the cretaceous and oolitic systems are al- 
most entirely dissimiliMT.: But since Adolphe Brongniart considers th« 
plants as all belonging to one group, and Prof. Affassiz declares the 
fishes of the chalk to bear a great resemblance to those in the lower 
tertiary strata, I have thought it safest to reckon the cretaceous and 
oolitic systems as forming only one organic period. The Synoptical 
Table at the end of Section 1 , shows a classification which makes six 
distinct groups. 

Objection. Perhaps the deposites containing these different 
organic groups, may have been going on at the same time in 
different countries, or in different parts of the same country. 

Answer. Although all the rocks composing these different 
systems are not found piled upon one another in any one place, 
they are all found so connected at different points, as to prove 
that they were formed successively. Yet where anj ace hivs^.^ 

I4» 
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ing in the series, as the true oolite, for instance, in North 
America, the interval during which these were forming in par- 
ticular localities, may have > been occupied by a prolonged de- 
l>osition of the next older, or by an earlier commencement of 
the next newer rock. Most probably however, the same for- 
mation was begun and completed in different places atx>nt the 
same period : otherwise the climate would have varied so much 
as to produce a marked change in the organic remains. 

Remark, The PaltunUological Chart appen&d will aid in impretfing 
tipon the mind the origin, expansion, and termination of the organic 
beings that have lived on the globe. In order to make it more impres- 
sive it ought to be extensive enough to show the duration of species : 
whereas now, it shows only imperfectly the vertical range of genera. 

Inference 9. It appears that amidst all the diversities of or- 
ganic life that have existed on the globe, the same general sys- 
tem has always prevailed. 

Illustration 1. All the leading forms of organization that 
now exist on the globe, have existed from the beginning : for 
instance, all the four great classes of animals, mammiferous, 
molluscous, articulated, and radiated, and the two great classes 
of plants, the Vaseulares and the Cellulares. The telative 
number of species, however, in these different classes has 
varied very much at different periods. 2. Carnivorous races 
iiave always existed to keep down the excessive multiplication 
of the herbivorous races. Thus, when the Sauroid fishes of the 
earliest rocks disappeared, their place was supplied in the more 
recent secondary strata, by the voracious marine Saurians ; and 
when these became extinct, sharks and other predaceous fishes, 
inore like those now existing, made their appearance. So 
among the mollusks. During the deposition of all the second- 
ary rocks, carnivorous Cephalopoda abounded ; such as the 
nautilus, ammonite, S&c : fiut in the tertiary strata, and in our 
present seas, these are rare, and their place is taken by carniv- 
orous Trachelipods, which were not common at an earlier date. 
BucklancPs Bridgwater Treatise, Vol, 1. p, 298. 3. From the 
eyes of trilobites and the orbits of other animals found in the 
rocks, we learn that the same relations of animals to light al- 
ways existed as at present. 

Inference 10. It does not appear that any of the ancient forms 
of animal or vegetable life can be properly regarded as mon- 
strous; or when compared with the proper standard, even 
heteroclitic. 

Proof When compared with existing races, they sometimes 
seem monsters in size, and anomalies in character. But their 
great size resulted from a climate better adapted, than that now 
upon the globe, for the developement of organic life ; and their 
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peculiar constniction adapted them most admirably for the pe» 
culiar sitnation which they occupied. So that what seems 
heteroclitic at this' day, was exact and harmonious adaptation 
then. 

Inference 11. 'The whole period occupied in the deposition 
of the fbssiliferous rocks must have been immensely long. 

jProo/*!. Thcre^ must have been time enough for water to 
make depositions more than six miles in thickness, by materials 
worn from previous rocks, and more or less comminuted. 2. 
Time enough, also, to allow of hundreds of changes in the ma- 
terials deposited-: such changes as now require a long period 
for the production of one of them. 3. Time enough to allov 
of the growth and dissolution of animals and plants, oHen of 
microscopic littleness, sufficient to constitute almost entire 
mountains by their remains. 4. Time enough to produce by 
an extremely slow change of climate, the destruction of several 
nearly entire groups of organic beings. For although sudden 
catastrophes may have sonietimes been the immediate cause of 
their extinction, there is reason to believe that those cataistro- 
phes did not usually happen, till such a change had taken place 
in the physical condition of the globe, as- to render it no longer 
a comfortable habitation for beings of their organization. 5. 
We must jodge of the time requisite for these deposites b^ 
similar operations now in progress ; and these are in general 
extremely slow. The lakes of Scotland, for instance, do not 
shoal at the rate of more than 6 inches in a century. MatcuU 
locKs Geology, Vol, \. p, 507. See also a full view of the ar« 
guments on this subject in Dr. J. Pye Smith's Lectures on 
Scripture and Geology, p. 991. London Edition, 1839. 

Objection 1. The rapid manner in which some deposites are 
formed at the present day : ex. gr. in the lake of Geneva; 
where, within the last 8(M) years, the Rhone has formed a 
delta two miles long and 990 feet in thickness. Lyelts Prin* 
cipUs of Geology, Vol. /. ;i. 213. 

Answer. Such examples are merely exceptions to the general 
law, that rivers, lakes, and the ocean are filling up with ex- 
treme slowness. Hence such cases show only that in ancient 
times, rocks might have been deposited over limited areas, in a 
rapid manner; but they ^o not show that such was generally 
the case. 

Objection 2. Large trunks of trees, from 20 to 60 feet long, 
have sometimes been found in the rocks, penetrating the strata 
per|)endicularly, or obliquely; and standing apparently where 
they originally grew. Now we know that wood cannot resist 
decomposition for a great length of time, and tUeteCcvi^.^^^^ 
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Strata around these trunks must have accumulated very rapidly ; 
and hence the strata generally may have been rapidly formed. 

Answer. Admitting that the strata enclosing these trunks 
were rapidly deposited, it might have been only such a case as 
is described in the first objection. But sometimes these trunks 
may have been drifted into a lake or pond, where a deep depos- 
ite of mud had been slowly accumulating, which remained so 
soil, that the heaviest part of the trunks, that is, their lower ex* 
tremity sunk to the bottom by their gravity, and thus brought 
the trunks into an erect position. Or suppose a forest of trees 
sunk by some convulsion, in the manner described by Rev. Mr. 
Parker in the Columbia River : (See Section VI.) how rapidly 
might deposites be accumulated around them^ were the river a 
turbulent one, proceeding from a mountainous region. 

Objection, 3. The vast accumulations that have been made 
of the shields of animalculas since the commencement of the 
historic period, show that similar deposites of other animal re> 
mains might huve been made of much greater thickness in an- 
cient times, in a comparatively short period. 

Answer. If it can be shown that the larger animals, like 
those found fossil, have a power of increase that will compare 
at all with the astonishing multiplication of animalcule, the 
objection will be valid : but not till then : and this can never 
be shown. 

Objection. 4. All the causes producing rocks may have ope- 
rated in ancient times with vastly more intensity than at pre- 
sent. 

Answer. This if admitted might explain the mere accumula- 
tion of materials to form rocks. But it would not account for 
the vast number of changes which took place in their mineral 
and organic character ; which could have taken place without 
a miracle only during vast periods of time. 

Objection. 5. The fossil iferous rocks might have been crea- 
ted just as we now find them, by the flat of the Almighty, in a 
moment of time. 

Answer. The possibility of such an event is admitted : but 
the probability is denied. If we admit that orcranic remains, 
from the unchanged elephant and rhinoceros of Siberia, to the 
perfectly petrified trilobites and terebratulae of the transition 
strata, were never living animals, we give up the whole ground 
work of analogical reasoning ; and the whole of physical sci- 
ence falls to the ground. But it is useless formally to reply to an 
objection, which would never be advanced by any man who had 
ever examined even a cabinet collection of organic remains. 

Inference. 12. There is reason to suppose that immense n^m- 
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bers of the softer species of animals, which have no solid parts, 
may have lived tnd died, during the deposition of the older 
fossil iferous rocks, without leaving in the rocks a vestige of 
their existence. 

Proof, Limestone being then less common than at a later pe- 
riod, it is probable that animals not needing it to form a cover<* 
log or a skeleton, would have been created ; since we find that 
in all periods living beings had natures exactly adapted to their 
condition. Again, we find many of the older secondary lime- 
stones highly bituminous : and the decomposition of soft and 
gelatinous animals would hay& produced a large amount of bit- 
umen. De La Beckers Manual, p. 476. 

Inference, 13. The greater part ^f the accessible crust of 
the globe may once have constituted portions of the animal 
frame. 

Proof lo respect to limestone, which has been thought to 
constitute about one seventh of the earth's crust, the presump- 
tion in favor of its animal origin, seems qnite probable. {M<u- 
euUoeh*s System of Geology, Vol, \,p, 219. LyelPs Princi- 
ples of Geology, Vol, '2, p, 183.) The recent discoveries of 
Ehrenberg, respecting fossil animalcnlee, already detailed, make 
it probable that a large amount of silica and oxide of iron may 
iiave thus originated. . At a late meeting of the British Associ- 
ation, for the Advacement of Science, this naturalist exhibited 
** a large glass full of artificial siliceous earth,'* which he had 
prepared from existing infusoria ; and he says that '* pounds 
and tons of this earth may be easily prepared/' (American 
Journal of Science Vol, 35. p. 372.) I am not prepared, how- 
ever, fo go so far on this subject, as a recent able and elegant 
writer, who says, that " probably there is not an atom of the 
solid materials of the globe which has not passed through the 
complex and wonderful lab<iratory of life." MantelPs Wonders 
of Geology, Vol 2. p. 670. 

Inference. 14. It appears that every successive change, that 
has taken place on the earth's surface, has been an improve- 
ment of its condition. 

Proof, Animals and plants of a higher organization have 
been multiplied with every change, until at last the earth was 
prepared for the existing rades ; the most generally perfect of 
all, with man at their head. 
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SECTION VI. 

OPERATION OF AaUEOUS AND ATMORPHERrc AGENCIES IN PRO- 
DUCING GEOLOGICAL CHANGES. 

Prin, The basis of nearly all correct reasoning in geology, 
is the analogy betvreen the phenomena of nature in all periods 
of the world's history : in other words, similar effects are sup- 
posed to be the result of similar causes at all times. 

Illustration and Proof, This principle is foqnded on a be- 
lief in the constancy of nature : or that natural operations are 
the result of only one general system, which is regulated by in- 
▼ariable laws. Every other branch of physical science, equally 
with geology, depends upon this principle : and if it be given 
up, all reasoning in respect to past natural phenomena, is at an 
end. 

Remark. Tt does not follow from this principle thst the causes of ge- 
ological change have always operated with eqaal intensity, nor wit^ 
entire nniformity. How great has been the irregularity of their actioi&i 
is a subject of debate among geologists. 

Inference. We see from the preceeding principle how im- 
portant it is to ascertain the true dynamics of existing causes of 
geological change : that is, the amount of change which they 
are now producing. For until this is done, we cannot deter- 
mine whether these causes are sufficient to account for ill the 
chang;:s which the earth has undergone. 

Rcmtrk Heat, cold, and water in its manifold states, liquid, solid and 
vaporous, so often act coniointly upon rocks, that their separate agency 
cannot be pointed out. Bat the results of their combined action are 
numerous. 

Landslips, Icebergs, 4*c. 

Descrip. When snow and ice have long been accumulating 
upon the sides of steep hills, or mountains, the mere force of 
gravity at length, especially when the surface begins to thaw, 
causes vast masses to slide down the declivity, drilgging along 
trees, soil, and loose rocks, which fill the vallies below, over- 
whelm whole villages, dam up and torn rivers out of their wont- 
ed channels, and produce other eflfects equally powerful. 

Examples. Landslips among the Alps have long been known under 
the name of .^ealanckes ; and one of these has been known to bury 
from one to five villages with thousands of inhabitants. LyelVs Printi' 
pies of Geology f Vol 2. p. 125. In this country the landslip in the 
White Mountains in the year 1826, by which afamilj were destrojed, 
will long be remembered. Marks of former slides may be seen on the 
tides of what is called th« Hopper, in Saddle Mountain, in Massachu- 
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■etts. Indeed, landslips on a small scale, may be seen in almost erery 
Bart of our country; especially when powerful rains occur at the 
breaking up of winter. 

Descrip. When these landslips occur ou the steep shores of 
the ocean in high latitudes, the mass is precipitated into the sea, 
and constitutes an iceberg. These icebergs are driAed about 
by the currents in the ocean sometimes to a great distance. 
Those from the noriherfi ocean are sometimes seen as far south 
as the 40th degree of north latitude ; and those from the south- 
ern ocean, as far north as south latitude 38*^. Often they are 
of immense size, even one or two miles in circumference ; and 
they sensibly affect the temperature for many miles around. 
They have been seen to rise as much as 250 or 300 feet above 
the surface of the ocean ; and consequently must have sunk 
more than 2000 feet below ; as every cubic foot above, implies , 
that there are 8 cubic feet below. In this way, laige masses of 
sand, gravel, and bowlders, as well as animahs and plants, may bt 
transported great distances and dropped upon the bottom of 
the ocean, as the iceberg melts away. 

Degradation of Roeks and Soil by Frost and Rains. 

Descrip. Water acts upon rocks and soils both chemically 
and mechanically : chemically, it dissolves some of the sul>- 
stances which they contain^ and thus renders the mass loose and 
porous : mechanically, it gets between the particles and forces 
them asunder ; so that they are more easily worn away when a 
current passes over them. Congelation stilf more effectually 
separates the fragments and grains, and thus renders it easy for 
rains and gravity to remove them to a lower level. In a single 
year the influence of these causes may be feeble : but as they 
are repeated from year to year, they become in fact some of 
the most powerful agencies lo operation to level the surface of 
continents. 

Detritus or Debris of Ledges, 

D^serip. It is chiefly by the action of frost and gravity, tbtl 
those extensive accumulations of angular fragments of rocks 
are made, that often form a talus^ or ^ope, at the foot of naked 
ledges, and even high up their faces. In some cases, though 
not generally, this detritus has reached the top of the ledge» 
and no farther additions are made to the broken spoils, which 
usually slope at an angle not far from 40^. Examples of tbui 
detritus are usually most striking along the mural faces of trap 
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rocks; as for infUnce io the valley of ComecUcat mer in 
New EBfrlaod. 

Inftremce. From these facts it appears that the earth cannot 
hare esirted in its present state an immense period of time : 
otherwise these slopes of debris woold in everj instance have 
extended to the top of the ledge : that is, the work of degrada- 
tion would have been finished. We cannot, indeed, determine 
from this geological chronometer, the chronological epoch 
when this work of degradation commenced : hot we are at least 
made sure, that the present state of the earth had a beginning. 



Descrip. Rivers produce geological changes in ibnr modes : 
1. Bj excavating some parts of their beds. 2. Bj filling np 
other parts. 3. hj forming deposites along their banks. 4. 
Bj forming deposites, called deltas, at their months. 

Examples. Most of fhe larger rivers, especially where thej 
flow through a level country, are filling up their channels : bnt 
where smaller streams pass through a mountainous region, the 
power of excavation is still going on : And it is accomplished 
in a good measure by means of ice frtskets. It is impossible 
for one who has not witnessed the breaking up of one of these 
streams in the spring, when for many miles the whole channel 
becomes literally chocked with ice, to form an adequate idea 
of the immense excavating force which it exerts. 

Descrip, The deposite formed in the lake of Geneva by the 
waters of the Rhone, has been already mentioned. Another 
is formed at the mouth of this river, on the shore of the Medi- 
terranean, and is said to be mostly solid calcareous and even crys> 
Ulline rock. {Lyelts Pnndples rf Geology, VoL 1. p. 219.) 
The delta of the Mississippi has advanced several leagues since 
New Orleans was built The delta of the Ganges commences 
220 miles from the sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the year 1243 the delta of the Nile has advanced 
a mile at Damietta ; and the same at Foah since the 15th. cen- 
tury. In 2000 years the gain of the land at the month of the 
Po, has been 18 miles, for 100 miles along the coasL The 
The delta of the Niger extends into the interior 170 miles, and 
along the coast 300 miles, so as to form an area of 25.000 
square miles. 

Descrip, An immense aDnvial deposite is forming at the 
month of the river Amazon and Oronoco ; roost of which is 
swept northerly by the Ckilf Stream. The waters of the Ami- 
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zon are not entirely mixed with those of the ocean' tt the dis- 
tance of 300 miles from the coast. The quantity of sediment 
annually brought down by the Ganges, amounts to 6.366.077.440 
tons ; or 60 times more than the weight of the great pyramid in 
Egypt. The quantity of matter chemically and mechanically 
suspended in the waters of Merrimack river, that run past the 
city of Lowell in Massachusetts, in 1838, according to the very 
accurate experiments of Dr. Samuel L. Dana, amounted to 1. 
678.343.810, pounds avoirdupois. The annual amount of 
anthracite coal used in the Merrimac Print Works in Lowell, 
is 5000 tons : and Dr. Dana estimates, that if the above 
amount of sediment were coal, it would supply those works 
167 years. The quantity of water discharged by the Merri- 
mac in 1838, was, 229.d08.840.800 cubic feet. 

Inf. I. The extensive deposites thus forming daily by rivers, 
need only consolidation to become rocks of the same charac- 
ter as the shales, sandstones, and conglomerates of. the second- 
ary series. 

/it/*. 2. Rivers in general have not excavated their own 
beds ;" but run in valleys formed for the most pi^rt by other 
•causes. 

Proof, 1. In a majority of instances they are filling up their 
beds. 2. Transverse vallies frequently cross the course of 
rivers in such a way, that the vir|ter must have originally passed 
through them instead of excavating their present channels. 

Ulus, Fig. 88. shows Connecticut river, crossing Massachu- 
setts and Connecticut, and emptying into Long Island Sound. 
If it had been left at first to find its own way to the ocean, and 
the passage between Holyoke and Tom (which are in fact but 
one ridge) had not been formed, it must have passed throughthe 
valley A, to the Soimd : since no part of that valley, (through 
which the Farmington canal passes,) is more than 134 feet 
above the present bed of the^ river, where it runs between Hol- 
yoke and Tom. Or if the bed of the r ivei; had not existed 
through the mountains below Middletown in Connecticut, the 
river, instead of forming it, would have passed to the Sound 
through the valley B, through which the Hartford and New 
Haven Rail Road now runs, and no part of which can be more 
than 20 or 30 feet above the present level of the river at Hart- 
ford. 

Descrip, Terraced Valleys ^ (of one of which a cross sec- 
tion is given in Fig. 87, at A, ) sometimes exist in alluvial or 
tertiary regions, with the terraces on each side of equal height : 
and these appear to have been formed by the excavating opera- 
tion of the rivers themselves. . 

IS 
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Mode of Formation. Some suppose them formed bj the sad- 
den and successive bursting awaj of the barriers bj which the 
mer has been restrained. But it is whollj unnecessary to sup- 
pose any such bursting of barriers. The slow and uniform 
operation of the stream upon alluTial soil, will explain all the 
phenomena. But the explanation cannot be given here for 
want of room. It will be found in my Report on the Geology 
of Massachu$€tt$f 2cf. Edition p. 141. 
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Other Valleys. 



Descrip, The terraced valleys above described are denomin*^ 
ated valleys of denudation ; because produced by the denuding 
force of water : and numeroua valleys of other shapes, having 
been formed in the same"^ manner,- are thus called. Indeed, 
scarcely a valley exists that has not been more or less modified 
by this cause. But the greater part of the larger TaHeys that 
ftirrow the earth's surfaci, had a different origin ; viK. the ele^ 
▼ations, fractures, and dislocations which the strata have expe- 
rienced. ^ 

Proof The phenomena of longitudinal and transverse val* 
leys prove that all of them cannot have been the result of run- 
ning water. In fig. 88, which is a sketch of the valley of Con- 
necticut river, with a portion of the mountainous region on both 
sides, it will be seen that the general direction of the mountain 
ridges, and of course of the valleys, is nearly north and sooth. 
Nevertheless, it will be seen that the tributaries of the Connec- 
ticut, the Farmington, ^gawam, and Deerfield rivers, and also 
the Connecticut itself, pass across tliese ridges and longitudin- 
al valleys, in transverse valleys, which must be deefier than the 
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Others, else the water woald flow out laterally into the lon^tn- 
dioal f alleys. Now it is obvious that both sets of these valleys 
could not have been excavated by water. For if the longitud- 
inal valleys were thus formed, how could the water afterwards 
be raised to the requisite level, for cutting valleys through the 
longitudinal ridges? We must, therefore, suppose that one and 
often both of tl^se sets of valleys originated in the fractures of 
the strata at the time of their elevation ; and that water has only 
rounded their outlines and covered their inequalities with detritus. 

Def. When a valley is produced by the sinking of the strata : 
or which is the same thing, by their elevation along two paral- 
lel anticlinal lines, it forms, what is called a Valley ofSitbsid' 
ence, as B. Fig. 87. When by the elevation of strata, they are 
made to separate at their highest point, a valley M-produced, cal- 
led a Valley of Elevaium ; as C. When a fracture has taken 
place in the strata, so as to leave the sides very steep and the 
Talley narrow, a ravine is produced ; as at D. In such a case 
the lower part of the fissure is usually filled up with detritus. 

Prin, In some instances it is very diflicult to decide, wheth^ 
er a particular gorge or ravine has been excarated by existing 
streams, or by diluvial agency, or in part formed by some origin- 
al dislocation of the strata, or by all these causes combined. 

Example. The deep ravine, seven miles 1od£, between the falls of 
Niagart and Lake Ontario, has occasioned mnen discussion among £e* 
olosrists, respecting its ongia. The ftlls are abovt 150 feet in heigut^ 
and 670.000 tons of water are precipitated over them every minute. 
The upper stratnm of rook islimeatone; beneath which is shale, which 
wears away faster than the limestone, so as to eanse the latter occasion- 
ally to break off in large masses; and the falls have been said in this 
way to recede 50 yards in 40 years. At this rate It would have required 
lU.UOO years for them to have reached their present situation, if they 
commenced at Lake Ontario ; and SO .000 years longer will be necesaa* 
ry to reach Lake Erie. But the rate of retreeession is yet unsettled ; 
and probably it would be very different at different periods ; and besides, 
the suggestion of Prof Rogers (j9«i. Jourwml of Seitwee Ks). 87, p. 386.) 
that diloTial action may have conunenced the excavating process, has 
no little plausibility : so that the time already occupied in forming this 
ravine, and the time requisite to carry it to Ontario, must be regarded aa 
determined only conjecturally. The geologist, however, who witness- 
es the extensive excavations made by other streams in our country in 
the solid rocks, will not be disposed to reject the above calculations sim« 
ply because they require vsst periods of time. 

Pursting of Lakes. 

DescHp. A ^^ examples have occurred in which a lake, or 
a large body of water long .confined, has broken through its 
barrier and inundated the adjacent country. An interesting 
example of this Itipd wcqired in lbp town of Glover in Yer- 
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mont ; in which two lakes, one of them a mile and a half long 
and. three fourths of a mile wide, and in some places 150 feet 
deep; and the other, three fourths of a mile long» and half a 
mile wide, were let out by human labor, and being drained in 
a few minutes, the waters urged their way down the channel of 
Birton ri?er, at least 20 miles to lake Memphramagog, mostly 
through a forest, cutting a ravine from 20 to 40 rods wide, and 
from 50 to 60 feet deep; inundating the low lands, and de- 
po!«iting thereon Vast quantities of timber. {AmerieamJawmai 
of Scieisee^ Vs/. 1 1, p. W.) In 1818, the waters of the Dranse 
in Switi^rland^ having been long obstructed by ice, burst their 
barrier and produced still greater desolation, because the coun- 
try was more thickly setUca than the borders of the lakes above 
named. JDeJa Bteke.*$ Manual p. 56. 

lUmmri, It hat beea sappoaed, that-shooM the fmllt of Niagara ever 
rec^a to lake Sria, a tarrible ipaadatioa of the reffion eastward 
would be the resalt : Bat De La Beehe has proved satisfhefcorilir, that 
th« only effpet woald be a gradual draining of lake Erie, wiuaskily 
a slight iaoreaae of Niagara river. Tkeotetieal OevUgif, p, 154. 

Agtnctf of the Ocean, 

Descrip. The ocean produces geological changes in three 
modes. 1. By its waves : 2. By its tides : 3. By its currents. 
Their effect is twofold : I. To wear away the land : 2. To ac^ 
cumulate detritus so as to form new land. 

Deserip. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of rocks 
weighing from 10 to 30 tons, are torn from the ledges, an<l 
driven several rods inland, even up a surface sloping with a con- 
siderable dip towards the ocean. 

Examplet. la the 13th eentary, a strait half as wide as the channel be* 
tween £n^land and France, was exoarated in 100 > ears in the north part 
of Hollaad : but its width afterwards did not increase. The Gpflish Chanf 
ncl also, has beea sapposed to have been formed in a similar manner. 
In Enjfland, several Tillages have entirely disappeared by the encroach* 
nients of the sea. At Cape May, on the north side of beleware Bay, 
the sea has advanced apon the land at the rate of about 9 feet in a year ; 
and at Sullivan's Island, near Charleston, S. Corolina, it advanced a 
quarter of a mile ii| three years. But perhaps the coast of Nova 3co» 
tia and New £n|fland, exhibits the most strikin^f examples of the pow» 
erful dashing and wasting agency of the waves ; whose force there is 
oflen tremendous, especially during violent north east storms. Where 
the eoaat is rocky, inanlated masses of rocks (in Sootland called 
DrongMf) are left on the shore, givinf a .wild and picturesque efket to 
the scenery, as in the following sketeh, Fig. 89. which was taken npoa 
Jewell's Island in Casco Bay. 

15* 
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wkile the oprt and idindi nre cliicflj of the hirdpit Tirirtii ■,— willi- 
Mil briKg eonnneed (lilt mfiit of tha k^hnrs^ind bajii hair bien prn. 
^crd bj thi* ■grncj. lu Boston Uirbsr, Uie nutrr iiUnd* tir eonipa*- 
fdof mkedroRk, and firtbrr wilhrn Uv harbor. iKr outer bnTdrii o h- 
talanda are bv\ng awppl nf Ihrir looac loil. Hen wr ar* ibp aUadf 
proercta nf Ihia piicrooching proDpaa. 
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«■! far from Portland in Miinr, and vill (itf iodip id<-i of the naked > 
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Dfserip. When the r neks exposed tn l]i« waves are diTided 
bjr fi:4»ures, ruiming perpeiidiciilar in llic coani, the inasa be- 
ttveeu two fismireH ia aomeiiniea removed by the water, ihuii 
leaving a chisiii, ntitta scvernl rods \nng nnd very dee|>, into 
which the wavcH rush diirini; a storm with ;;reai noise and vio- 
lence. Such caverna have received iu New England, the siii- 
giil'ir appellation or Purgntorir*. Very good esauples occur in 
the vicinity of Newport, Rhode Island. 
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Beaches of Shingle amd Sand. 

Descrip. Tbe shingle, or perfectly water worn pebbles of a 
cowt, and sand, are sometimes driven upon tbe shore bj the 
waves, so as to form beaches ; and sometimes even large bowl- 
ders are thui urged inland by powerful storms, so as to lie in a 
row on tbe shore. In some cases of this sort, after the beadl- 
es ba?e hern formed, the waves rather protect the coast than 
encroach upon it. 

Dmmes or Dmoms. 

Deserip. The sand which is driven upon the shore by the 
waves as above described, is often carried so far 'inland as to 
be beyond tbe reach of the returning wave ; and thus an accu- 
mulation takes place, which b the origin of most of those mov- 
ing sand hills, known by the name of dynes or dwtns. When 
the sand becomes dry, the sea breezes drive it farther and far- 
ther inward ; the land breezes not having equal power to force 
it back : and at length it becomes a formidable enemy, by over- 
whelming fertile fields, filling up riverft, and burying villages. 
Sometimes these dunes occur in'tl;e interior of a country. 

Examples. Kvnj one is fitmiliaff .w/tli the history of theie dunes in 
^Syp^ '^^ w<*sterly wi.pds have broiif bt in the sands firoai the Ljbian 
draert, sad all the west side of thr Nile, with the exception of a few- 
sheltered spots, has been converted into an arid vaste. In Upper 
Erypt especially, the remains of ancient temples, palaces, cities, and 
viTUjres, are nnmenms .araonff the drifting sands, in Europe, around 
the &y of Biscay, a similar destructive process is going on. A great 
number of villages have been entirely destroyed ; and no less than ten 
are now imminently threaienc^d by sand hills, which advance at the 
rate of 60 or even ?% feet annually. 6n the coast of Cornwall in Eng* 
land, similar efffcU h«iTe taken place. These dunes are also common 
on the coast of the United States, eBpccially on Cape Cod in Massachu- 
s<*tt8 ; where strenuous effurts have been made to arrest their progress, 
and to prevent the destruction of villages and harbors tliat are tlireaiened. 

Warns and Tides. 

Remark 1. It has generally been stated that waves do not affect tbe 
bottom of the ocean where the water is more than 20 feet deep. But 
the exact depth to which their disturbing influence extends has not 
been accurately settled. 

Remark 2. It must be recollected in estimating the power of wavea 
to remove rocks, that the weight of the latter in water is not much 
more than half their weight in air ; and consequently that a much less 
force will remove them. 

Descrip, In large inland bodies of water, such as the Med iter- 
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ranean, Black and Caspian seas, and Lake Superior, tides are 
scarcely perceptible; never exceeding a few inches; and in 
the ppen ocean they are very small : not exceeding 2 or 3 feet : 
But ill narrow bay8, estuaries, and friths, favorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet; and 
in one instance even 60 or 70 feet on the European coasts, and 
in the Bay of Fundy, in Nova Scotia, 70 feet. In such cases, 
especially where wind i^nd tide conspire, the effect is consider* 
able upon limited portions of coast, both in wearing away and 
filling up. De La Bakers Manual, p, 85. Lyelf$ Geology, 
lW./.p.238. 

Oceanic Currents. 

Desrrip, Ooeaiiic currents are produced chiefly by winds. 
The most extensive current of this kind is the Gulf Stream. 
This flows out of the Indian Ocean, around the Capie of Good 
Hope, passes northward aions;. the coast of Africa to the equa- 
tor, thence across the Atlantic; being increased by. the Trade 
winds : and impinging against South America, it is turned 
northward, and continues along the coast of the United States 
even to the Banks of Newfoundland; from whence it turns east 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this current covers a space 2000 miles in length, and 350 
in breadth. Its velocity is very variable ; but may be stated as 
from one to three and even four miles per hour; its mean rate 
beinTg 1 1-2 mile. A current sets northward .between America 
aird Asia, through Behring's Straits, which passes around the 
northern extremity of Atnerica, and flows out into the Atlatitic 
in two currents, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
niiles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundhud, where the velocity is two miles 
per hour : t he other aeis into the Atlantic between America and 
Europe. It is these two currents that convey icebergs as far 
south as the 40th degree of north latitude before they are meh^ 
ed. Among the Japanese Islands a current sets northeast, 
sometimes as strong as five miles per hour. Another sets 
around Ciipe.Horn from the Pacific into the Atlantic Ocean.. 
A constant current sets into the Mediterranean through the 
straits of Gibraltar, at less than half a mile per hour. It has 
been conjectured, but hot proved, that^an under current sets 
outward through the^ame strait, at the bottom of tlie ocean, 
Mr. Lyell also suggests that the constant evaporation going oo 
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in that sea, may so concentrate the waters holding chloride of 
sodium in solution, that a deposite may now be forming? at the 
bottom. But the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessary 
to describe. They form, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. De La Heche's Manual, p. 91. 

Descrip, The ordinary velocity of the great oceanic currents 
is from one to three miles per hour : but when they are driven 
through narrow straits, especially with converging shores, and 
the tides conspire with the current, the velocity becomes much 
greater, rising to S, 10, and even in one instance to 14 miles 
per hour. hyeUs Principles of Geology , VoL L p. 240. 

Descrip, The depth to which currents extend has not been 
accurately determined. Some limited experiments seem to in^ 
dicate that they majr sometimes reach to the depth of nearly 
500 feet. It ought to be remembered, however, that the friction 
of water against the bottom, greatly retards the lower portion 
of the current ; so that the actual denuding and transporting 
power in4hese currents is tar less than the velocity at the sur- 
face would indicate. 

Descrip, Alike uncertain are the data yet obtained, for de- 
termining what velocities of water at the bottom «re requisite 
for removing mud, sand, gravel, and bowlders. It has been 
stated, however, (and these are the best results yet obtained,) 
that 6 inches per second will raise fine sand on a horizontal sur- 
face, 8 inches, sand as coarse as linseed ; twelve inches, fine 
gravel : 24 inches per second will roll along rounded gravel an 
inch in diameter : and 36 inches will move lingular fragments 
of the size of an 9tg9, The velocity necessary for the removal 
of large bowlders has not been measured. A velocity of 6 feet 
per second would be 4 miles per liour : of 8 feet per second, 5.4 
miles per liour : of 12 feet per second, 8.2 miles per lioiir : of 
24 inches per second, 16.4 miles per hour : of 36 feet per sec- 
ond, 24.6 miles per hour. Fine mud will remain suspended in 
water that has a very slight velocity, and oAen will not sink 
more thin a foot in an iiour ; so thnt before it reached the depth 
of 500 feet, it .might be transported by a current of 3 miles per 
hour, to the distance of 1500 miles. Dt La Beckers Thewretical 
Oioloffy, p, 56, and 64. 

laf, 1. It appears that most rivers, in some part of their 
course, especially when swollen by rains, possess velocity of 
current sufficient. to remove sand and pebbles ; as do also some 
tidal currents, around particular coasts : but large rivers and 
most oceanic currents can only remove the finest ingredients ; 
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and as to large bowlders, it would seem that only the most tIo- 
lent waves and mountain streams can tear them up and roll them 
along. 

Inf, % Oceanic currents have the power, greatly to modify 
the situation of the materials brought to the sea by rivers ai)d 
tides, and to spread them over surfaces of great extent. 

Example, The waters of the Amazon, still retaining fine 
sediment, are found on the surface of the ocean 300 miles from 
the coast, where they are met by^the Gulf stream, which runs 
there at the rate of 4 miles per hour. Thus are these waters 
carried northerly along the coast of Guiana, where an extensive 
deposite of mud has been formed, which extends an unknown 
distance into the ocean, ta like manner, the muddy Waters of 
the Oronoco and other rivers are swept northerly, and probably 
a deposite is going on along the whole coast of America as far 
north as the Gulf Stream extends. LyelCs PrineipU$ of Geol' 
^gy> VolX.p.^l. 

Chhmical Deposits from Water« 

•s. 

Calcareous Tufa, or Travertin, 

Descrip. In certain circnmst incea water holds iti solution a 
quantity of carbonate of Ihne, which is readijy deposited when 
those circumstances change. The deposite is called IVaverttn, 
or Cahareous Tti^a. 

Examples. At dlermont in France, a single tiiermal apring has de- 
posited a mass of travertin 240 feet long, 16 feet high, and 12 feet wide. 
At San Viffnone in Tuscany, a mass has been formed upon the side of 
a hill, halt a mile long and of yarioos thickness, even up to 200 feet. 
At San Filippo, in the same country, a spring has deposited a mass 
30 feet thick in 20 y^&rs. And a mass is found there, 11-4 miles in 
length, one third of a mile wide, and in some places, 250 feet thick. 
In the vicinity of Rome, some of the travertin can hardly l|je distin* 
guished from statuary marble ; and that which is constantly forming 
near Tabreez in Persia, is a most beautiful variety of semi-transparent 
marble, or alabaster. AtTivoli in Ita]y« the beds are sometimes from 40O 
to 500 feet thick, and the rock of a spheroidal structure. LyeU's Prinei" 
pies of Geology, Vol. l.;». 197. 

jnarh 

Deserip, The only kind of marl now in the course of for- 
mation, is that deposited at the bottom of ponds, lakes^ and 
salt water, known by the came of shell marl; and which con* 
sists of carbonate of lime, clay, and peaty matter ; as has been 
described in a preceding Section* The marls in the tertiai:^ 
strata are frequently indurated^ and (o \>^ Vt^ dasvia ^' ^^^wa*- 
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marl. Much of the marl a«ed in Virginia, and other southern 
states, is composed mostly of fossil marine shells ; and this is a 
true shell marl. But that usually so called, contains only a 
small proportion^ of shells: the remainder i>eing^ pulverulent 
carbonate of lime, except the clay and peaty matter, mixed with 
the carbonate. These beds of marl often cover hundreds of 
acres, and are several feet thick: In Ireland they contain bones 
of a large extinct species of elk, as well as shells of Cifpris, 
Lymnata^ Valvaia, Cylas, Planorbis, AnrychtSf 6lc» The 
marls of this country contain shells of PlanorbiSf Lymnaea^ 
CycUu and other small freshwater molluscs. 

r 

Remmrk. These allovial deposites of marl have been generally sup* 
posed to be the resalt of the decomposition, of the smalr shells which 
occur in them. But they seem to me only in part due to this cause. 
Carbonate of lime, it is well known, is scarcely |K>luble in pure water. 
But if the water contain carbonic acid, and carbonate of lime be diffus* 
cd in it, the acid will render it soluble. Tot the excess of acid is easily 
expelled, and than the salt will be deposited ; as we know to be 
the case in many waters that are not thermal ; as at the mouths 
of several of the streams that empty into ihQ Mediterranean. 
Nor will this deposite be necessarily crystalline ; for it may be pulveru- 
lent. Now the waters in limestone regions frequently contain carbonic 
acid. They also often contain carbonate of lime, in a state of suspen- 
sion, which has been worn from the rock. Hence the salt thus dissolr- 
ed will be mj likely to be deposited, when the solution containing it 
forms ponds, whose stagnant waters are liable to chemical changes suffi* 
cient for this purpose. Or if this be doubted, it is certainly rery possi«> 
ble that the streams that empty into ponds, will carry thither minute 
particles of limestone, which have been worn from the rocks over which 
the waters have passed *, and these will be deposited when the waters 
have become quiet. The largest part of these alluvial marls, that have 
come under mj observation, appear to have b^n formed in one of these 
modes, and not by the disintegration of the shells. These are generally 
in'~a sound state, when the marl is first dug. whereas if the powdered 
part originated from them, we ought to find them in fragments of every 
size. Henry's Chemistry, VqL 2, p. 6l2f Eleventh Edition. ThatnMon's 
tnorganie Chemistry, Vol. 2. p. dl2. 

8ilic€0vs Sinter, 

Descrip, Thermal waters alone can contain silica in solution 
to any important amount. The most noted of these are the 
Geysers in IcelaiH), where a siliceous deposit, al>out a mile in 
diameter and 12 feet thick, occurs; and those of the Azores, 
where elevations of siliceous matter are found 30 feet high. 
The stems and leaves of the frailest, plants are converted into 
sinter or covered with it. Thermal Springs also, not in volcan- 
ic regions, as on the Washita river in this country, and in In- 
djM, a^POBhe a copious sediment of silica, iroD, and lime. 
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Htf droit of Iron, or Bog Iron Ort, 

Descrip. It ia probable, as will be shown in a subsequent 
section, that the greater part of the ferruginous deposits so 
widely difiused, originate fVom the fossil shields of animalculae. 
Yet in some instances we have direct evidence that they are 
produced by the decomposition of iron pyrites : for where such 
decomposition is going on, (as in the western part of Worces- 
ter County, in Massachusetts,) the rocks are coated over with 
the hydrate, and- the surrounding soil deeply impregnated with 
it. Nor can there be any doubt but this iron would be often 
carried by water—- although not directly soluble in -it — to the 
lowest places, and into ponds and rivers, so as to form de* 
posites there. 

Remark. The hydrate of manganeie is »1ino8t ai widely diffussi 
through the rockf u the hydrate of iron ; but its quantity is so small 
that it exerts but a slight influence in'' the production of geological 
changes, and will therefore be passed without particular description. 
Tlie <fame remarks will apply to sulphate of lime, carbonate of magisesia, 
chloride of calcium, &c. which occur in almost al| natural waters, 
and semctimes form deposites of small extenL 

Petroleum^ Asphattum, Sfc 



J 



Deacrip. The great amount of bituminous matter with 
which certain Spring? are impregnated, renders them deserving ^ 
of notice as existing causes of geological change, capable of 
explaining certain appearances in the older rocks; man f of 
which are highly bituminous. In the Burman empire a group 
of springs or wells at one locality, yield annually 400.000 hc^gs- 
heads of petroleum. It is found also in Persia, Palestine, Italy, 
and the United States. In this country it has the name of 
Seneca Oil, from having been early observed on the surface of 
springs at Seneca in N. York. It is thrown up in considerable 
abundance also, at the salt borings on the Kenhawa in Ohio ; 
where a few years ago a large quantity of it, floating on the 
surface of a small stream, took . fire and the river for a half a 
mile in extent appeared a sheet of flame— film. Journal of 
Science Vol. 24. p. 64.^ In Palestine the Dead Sea is called 
the lake Asphaltites, from the asphaltum which abounds there. 
But the most remarkable locality of bituminous matter is the 
Pitch Lake in the island of Trinadad, in the West Indies. It 
is three miles in circumference) and of unknown thickness. 
It is sufliciently hard to sustain men and quadrupeds; though 
at some seasons of the year it is sofL Geological TVaHsa€» 
iion. Vol. 1. /2. 63. 
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Jeradlsm. It bu litelj twPD employed in k liniiUr mam 

itid "rtrj luccefifall]', to form i compoiitioD Tor pbiitig tba itr^U of 

VitiA. 

Prin. The various bitutneiti are produced from vegetable^ 
1>y the procesBfs by which iheEe are converted into coal iu 
ihe earth. 

Inftrmee. Hence the bitumens that rise to the surface of 
'lyings, or fbrm inspiaMted massea on the earth's surface, or 
"between the layers of rocka, are supposed to be produced from 
'vegAable matters buried in the earth ; and to be driven to the 
"lurface b; internal heat ; and the fact that such deposits usual- 
ly occur in the ticinKy of active or extinct rolcanoes, gives 
probability to this theory. 

Pktnomena of Springs. 

Btserip. Water is very oneqaally distributed among the dif- 
'ftrent strata; BOihfi of them, as the argillaceona, being almost 
impervious to it ; and others, as the arenaceous, adinitiing it to 
percolate through them with great facility. Hence when the 
former lie beneath the latter in a nearly horizontal position, 
Ihe lower portiona of the latter will become reservoirs of this 
■fluid. 

Infermu. Hence if m valley of denudation cuts through 
'these pervious and impervious strata, we may expect springs 
'along their junction. 

Htut. If B. B. Fi;. 99. be the perviooi and C. C. the imiMTriniti (trat- 
-am, mod A. ths valle; of denaditiDti, we msj expect s^iBBi «t 

Fig. 93. 




PktHamaia of Springt. 

Dtmrif. If « ftnlt noonr in theae itrata, aa at D, wherrb^ they are 

■ankoD UieriKbt of 1>, and Mill dip lowardm L, the water will l>e ae. 

cumulated at L, beoauM it eanootpaMinto C,and a iniag may beox- 
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Rtmark. SonetimM the 2»Dlogitt can diworer the line of & fuH bj 
theoccnrreaceof ipringi, where nolhingelie indicctei iu«xi«leiio« H 
the lurface. 

Dtscrip. In man; parts or th« world, if the strata be jxiae^ 
Irated to a considerable depth by boring, water will rise, some: 
timra with great force, to the surface, and continue to flow ui^ 
interruptedly. Such exatnptes ore called ilrfejtaii Wells ; Uat» 
having been fim discovered at Artots, the ancient Artaaium. 

Theory. ' The theory of theM weUa ia simplp. la Fig. d4- 
suppoK the forroalion marked u the lifter cosis, aod also tl^ 
Mitlslone Orit to be impervtous to water : while the Lowi^ 
coal is pervious, or the water bearing alratum. Now .if exe^ 
Taiion* be made at B, or E, till the coal strata are reached, itte 
abvious that waler will be forced to the surface bj hjdroslatifi 
pressure; because some part of the watet tearing aUal<un.jV 
higher thin the point* B, and C. 



Fig. M. 




Cool BattR ^ Sovik Wala .- 0. BrUif*. 



Infermet. 1. If any water bearing stratum, passing under a 
place where boring is attempted, riseti higher at anf point of ity 
prolongation than the surface where tlK boring is made, the 
water will rise above that surface : and it will fall as ii;uch be- 
low that surface as is the level of the highest part of the petvV 
ouB stratum.' 

Inferen^. 2. Hence borings of this sort may fail ; first, bf> 
eattse no water bearing stratum is reached ; and secondly, be- 
cause that stratum does not rise high enough above the^actt 
to bring the water to the surface. 

Inference. 3. These explorations hare proveil that Bubterri- 
nean streams of water exist : some pf which have a commnnir 
cation with water at the surface. . 
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ErampUs, At St. Oaen in France, at the depth of ISO feet, the boref 
soddenlj fell a foot, and a ■tream of water rmbed up. At Tonit the 
water brought np from the depth of 374 feet, fine sand, Tegetabte mat- 
ter, and shells oi species living in the Ticinitj, which must have been 
carried to that depth within a few months preceding, in Westphalia 
the water brought np several small fish, although no river existed at the 
surface within several leagues. The borinn in the United States prove 
that cavities containing water exist even in granite. 

DtfikM of the borings. In England, Artesian Wells have been carried 
to the depth of 620 feet with success. In France, they have been sunk 
800 and even 1200 feet, and in one instance near Paris to 1666.feet : 
and in the two last cases without success. In the Uniied States, bor- 
ings for salt water in the Western States, have been carried as deep as 
dOO or 900 feet. In the cities of New York, Baltimore, Albanj, and in 
▼arions parts of New Jersej,^&c. .borings lor fresh water have been 
carried, and in most instances with success, to the depth of nearly 400 
feet, though water has usually been obtained at a much less depth. The 
excavation in the city of N. York, 100 feet dcH^p. and 16 feet diameter, 
yields 8000 gallons daily ; and that in Bleeelnr Street, 442 feet deep, 
yields 44.000 gallons daUy. Amarietm, JomnuU of Seiemce, VoU. 12. p. 
ia6an423.n.206. 

Rewutrk. Until recently these borings have been generally performed 
by means of a continuous iron rod, anarpened like a drill at the lower 
end. But a far more convenient and economical method, which has 
long been in use in China, has lately been adopted : viz. to use a heavy 
Cylinder of iron in the same manner, by means of a rope attached to its 
vpper end ; a bore witii valves being connected with the lower end, 
Ibr bringing up the comminuted materials. BueUmuTs BriigVMttrr 
TVedtMs, FW. 7.^.568. 

Rmmtark. Thermal apriDgs will be considered under the eighth section. 

St^ and aUur BBmeral Springs. 

Descrip, All waters feand natarallj in the earth, contain 
more or less of saline matter : But unless its quantity is so 
great as to render them unfit for common domestic purposes, 
they are not called mineral waters. 

Descrip, The ingredients found in mineral waters, are the 
sulphates of ammonia, soda, lime, magnesia, alumina, iron, and 
copper : the nitrates of potassa, lime and magnesia : the chlor- 
ides of potassium, sodium, barium, calcium, magne«um, iron, 
and manganese ; the muriate of ammonia ; the carbonates of 
potassa, soda, ammonia, lime, magnesia, alumina, and iron ; 
the silicate of iron ; silica, zinc, strontia, lithia, iodine, bromine, 
and organic matter; the phosphoric, fluoric, muriatic, sul- 
phurous, sulphuric, boracic, formic, acetic, carbonic, crenic, 
and apocrenic acids : also oxygen, nitrogen, hydrogen, sulphur- 
etted hydrogen, and carbureted hydrogen. Urt^s (Jhemiral 
Dictionary, Article, Water, See abi Dr. Dmibeny's iKd- 
mirable Report to the British Associatiom^ om Mineral and 
Thentud Waters, 1837, p. 14. 
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Theory, Many of the above ingredients are taken up into a 
state of solution from the strata through ii^hich the water per* 
colates: Others are produced by the chemical changes goinff 
on in the earth, by the aid of wrter and internal heat ; and 
others are evolved by the direct agency of volcanic lieat. 

Salt Springs. 

Descrip, The most important mineral springs in an economi- 
cal point of view, are those which produce common salt. These 
are called salines, or rather such is the name of the region 
through which the springs issue. They occur in various parts 
ortbe world ; and the water is extensively evaporated to obtain 
table salt. They contain also othei salts ; nearly the same in 
fact, as the ocean. 

Examples. Borne of these eprings contain lets, but utfially they cob- 
tain more salt, than the waters of the ocean. Some of the Cheshire 
springs in England yield 25 per cent : whereas sea water rarely con- 
tains more than 4 per cent. In the United States they contain ftom 10 
to 80 per cent The^ are used in New York, Ohio, Virginia, Pennsyl- 
vania, Illinois, Michigan, Missojirl, Arkansas, and Upper Canada. 450 
gallons of the water at Boon's Lick in Missouri, yield a bushel of salt : 
300 gallons at Conemaugh, Penn: 280. at Shawneetown, 111.: 120, at 
St Catharine's, U. C.:%, at Kenawha, Vir.: 80 at Grand River, 
Arkan.: 50 at Muskingum^ Ohio : and 41 to 45 at Onondaga, N.~ Y : 
350 gallons of sea water yield a bushel at Nantucket Iii 1829^ accord- 
\ug to a Report of the Secretaiy.of the Treasury, 3.804,229 bushels of 
salt were made in the United States. Since that time the quantity hat 
greatly increased. In 1835, no less than 2.2S£2,694 bushels were made 
at the Onondagro Springs in N. Y. alone ; and 3.000.000 bushels at the 
Kenhawa Springs in Virginia. In all these plaices deep borings are 
necessary, sometimes even as deep as 1000 feet : but usually the brime 
becomes stronger the deeper the excavation. Professor Beckys Geolm* 
gical Report to the Assembly of jV. York^ 1838. See also Prof. W. B^ 
Roger* s Report of the Geological Reeonnoissanee of the State of Virginia^ 
IBSS. Dr. HUdreth*sJlrst annual Geological Report to the Legislature of 
Ohio, 1838: ^Iso his Article an the Geology of Ohio, Am. Journal 
Science f Vol. 29. Also Mr. Foster* s Geological Report on OAto, ]83d.^ 
and Dr. Houghton* s Report on the Geology of Michigan, 1838. 

Origin of Salt Springs. In many parts of Europe salt sprin^rg 
are found rising directly from beds of rook salt ; so that their 
origin is certain : But as yet no deposits of rock salt have 
been discovered ia this country east of the Rocky Mountains : 
and Mr. Eaton has suggested (Survey of the Erie Canal Rocks, 
p. 110.) that the ingredients only for the formation of the salt 
exist in ih^ saliferous rock, and are made to combine by chemi« 
cal agencies, so that the water percolating through the strata 
would become impregnated. An English writer {Annals of 
Philosophy, for 1829,) supposes that the salt is intimately di&i 
seminated through the saliferous rock, bavins bee^\ft.^ >^'^x^\2i\ 
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the ocean that deposited the strata. Most American geolcfgisia, 
however, still maintain that our salt springs proceed from beds 
of rock salt, deposited so deep in the earth that thej have not 
yet been discovered : and the fact that the' brine increases in 
strength by descending, gives strong support to this theory. 
Prof. Beckys Report, 1838, p. 14. 



Gas Springs, 

Dtscrip. Carbonic acid and carbureted hydrogen are the 
most abundant gases given off by springs They sometimes 
escape from the soils around springs, over a considerable ex« 
tent of surface, and produce geological changes of some im- 
portance. Carbonic acid, for example, has the power of dis- 
solving calcareous rocks, and of rendering oxide of iron soluble 
in water. It contributes powerfully also, to the decomposition 
of those rocks that contain feldsp^ir. Carbureted hydrogen is 
sometimes produced so abundantly from springs, that it is em- 
ployed, as at Fredonia in N. York, in supplying a village with 
gas lights. In almost all the States west of New England, this 
gaS) rises from springs in greater or less abundance, generally 
Arom salt springs. 

Origin of these gases. Some of these gases, as carbonic acid, 
are given off most abundantly from springs in the vicinity of 
volcanoes; and in such a case there can be no question bat 
they are produced by decompositions from volcanic heat. 
When they proceed from thermal springs, there is a good deal of 
reason for believing that internal heat may have produced them. 
But where they rise from springs of the common temperature, 
they must generally be imputed to those chemical decomposi- 
tions and recompositions that often occur in the earth withoot aa 
elevated temperature. Although carbureted hydrogen may 
sometimes proceed from beds of coal, it may also proceed from 
other forms of carbonaceous matter ; as from bitumen dissemin- 
ated through the rocks. 



Aqueous Agency between the Tertiary and Alluvial 
Epochs : — often called Diluvial Action, 

Remark, The lithologlcal characters of Diluvium have been 
^iven in Section 3. Three other points remain for considera- 
tion : 1. Its dispersion ; 2. Its effects upon the surface : 3. the 
theory of its origin. 
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1. Dispersion of Diluviitm, 

Descrip, Diluvial are distinguished from tertiary deposits 
by two circumstances. ]. The tertiary strata were deposited 
in limited troughs and basins ; whereas diluvium is found in ev- 
ery part of the northern portions of the globe, and at all altitudes, 
with a few exceptions , and therefore resulted from some cause 
very general in its influence. 2. The tertiary strata were de- 
posited in waters comparatively quiet: whereas diluvium has 
been the result of powerful currents. Towards the close of 
the diluvial epoch, hoWever, when the waters became more tran^* 
quil, the deposits are with more difficulty distinguished from 
the tertiary strata except by their position above the coarser 
diluvium. 

Deserip,' Diluvial are distinguished from alluvial deposites; 
1. By the occurrence of the former in situations where no ex- 
isting alluvial agency could have produced them. 2 By the 
marks of greater violence in the movements of the waters that 
produced the former, than in any waters which now produce 
the latter. But in some situations, where we cannot apply these 
two marks^ the two deposits are with difficulty distinguished. 
, Descrip, The dispersion of diluvium appears, so far as the 
facts- are yet known, to have been the result of two causes — 
perhaps, however, not of a different nature, but operating in 
one case on a limited, and in the other on a more general scale. 
The first cause of this dispersion is the elevation of particular 
mountain chains : whereby the diluvium has been scattered 
from the axis of the mountain outwards. 

Examplts. Perhaps the beft ateertained example of saeh a dispersion 
of dilovium exists in the Alps. The greatest accumulations of bowl- 
ders are in the valleys, and opposite to their emioircAtcrej; and hence we 
may be certain, that their movement took place since those vaUies were 
formed. £lie de Beaumont supposes that the bowlders were scattered 
during the last elevatory elevation of the Alps : and that the sudden 
melting of the. snows on their summits, by steam ftnd hot gases that 
rose throjjgh their fissures, brought down a debacle of waters with frag- 
ments of rocks into the region below. 

Ez, 2. Rozet describes the plains of Metidja, south of Algiers in Af- 
rica, as covered m its northern parts by bowlders derived ^m a long 
chain of hills running alongf its northern border; while its southern 
part is strewed over by bowlders from the Atlas chain, which stretches 
along its southern border. Trtiate Elementarie de Geologies p. 259, 
Tome 1. 

Prin. The second cause of diluvial action, whatever it may 
have been, appears to have operated on a more extended scale ; 
and to have drifled the diluvium southward over nearly all th6 
northern hemisphere. 

Proof. To begin with the American Continent, at the \xv<3(9^. 
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easterly point where observations to be depended upon have 
been made : we find that the bowlders spread over the southern 
part of Nova Scotia were derived^ according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province. Through the whole extent of 
Maine, the evidence is very striking of the southerly drift of 
the diluvium, the course being usually a few degrees east of 
south. And transported bowlders are .even found on the sum- 
mit of Mt. Ktaadn, which is 5,300 feet high. Dr, Jackson^ s 
JFHrst and Second Reports on tie Geology of Maine, ]837 and 
1838. Also his Reports on the Pttblic Lands of Maine and 
Massachusetts ^ P' 16, Second Report. 

DesAn Massachusetts, the direction, as shown by a multitude 
of examples, varied from north and south (o northwest and south- 
east ; the most usual course being a few degrees east of- south. 
This course carried the current very obliquely across most of 
the precipitous ridges of mountains in the state ; nevertheless, 
the bowlders held on in the general direction with remarkable 
uniformity. Tjie largest blocks usually lie nearest to the beds 
from which they were derived, and they continue to decrease 
in size and quantity, in a southeasterly direction, for the distance 
of several miles; sometimes as. many as 50 or 60; and not un- 
frequently even 100 miles, though usually the sea€oast is reach- 
ed short of that distance, fiut oflen bowlders from the cod- 
tinent are common upon the islands many miles distant from 
the coast ; as on Nantucket, Martha's Vineyard, and Long Isl- 
and. In the western part of Massachusetts the mountains are 
from 1000 to 3000 feet high : yet vast quantities of bowlders 
have been carried over these precipitous ridges, and both slopes 
are covered with them the largest being upon the northern 
side. (Report on the Geology af Massachusetts^ 2. Edition, p, 
148. Also American Biblical Repository, Vol. 10, p. 338 ; 
where numerous local details on this subject are given.) On 
Long Island the diluvium corresponds to the rocks on the con- 
tinent : those of different kinds always lying south of the ledges 
from which they were derived. (Prof Mather^ s first annual 
Report on the first Geological District of New York, p. 88. 
1837.^ In the eastern part of N. York, the current was south- 
easterly ; as in the western part of Massachusetts : But to> 
wards the western parts of the State, its general course appears 
sometimes to have been west of south. (Mr. Hairs second an^ 
nual Report on the Fourth Geological District of New York, 
p. 308.) In the southeasterly part of the state, bordering on 
Pennsylvania and New Jersey, its direction varied from south 
several degrees west, to southeast : and near the city of N. York 
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the course was N. W. and S. E. (Americem Journal of Sci^ 
ence\ Vol, 23. jp. 243. And Vol. 16, p. 357. Also Prof, droit's 
Report for 1839 upon the Geology of the First District.) la 
the fossiliferous region of western New York, and in the states 
south of the great western lakes, great numbers of bowlders of 
primitive rocks are strewed over the surface, significantly called 
lost rocks. These have been satisfactorily traced to the beds 
from which they were derived on the north side of the lakes 
in Upper Canada. (See the papers of the Mfssrs Lapham in 
Vol. 22, and of Dr. Htldreth in Vol, 29 of American Journal 
of Science. Also the Geological Reports on the state of Ohio 
and Michigan.) Similar eridence of the southeasterly driflof 
diluvium exists in Virginia. Prof W. B, Roger*s Report on 
the Geological Reconnoisance of the State of Virginia p. Hi.) 
According to Dr. Drake, primitive pebbles occur on the right 
bank of the Mississippi as far south as Natchez. American 
Journal of Science Vol. 2&, p. 209. 

Des. Accordmg to Mr. Catlin, (American Jour, of Science, 
Vol. 3S, p. 143.^ vast quantities of bowlders of primary rocks 
"are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow Stone almost to the Gulf of Mexico," 
which have been drilled thither from the northwest. At the 
Red Pipe Stone quarry on the Cotcau des Prairies, which is 
several hundred miles west of Lake Superior, he describes five 
granite bowlders, from 15. to 25 feet in diameter, which he sup- 
poses must have been drifted several hundred miles from the 
the north. 

Descrip. The distance to which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more than lOO to 200 miles : But in 
the western states they are strewed over a greater distance. I 
am informed by the gentleman engaged in the geological sur- 
veys of those states, that primary bowlders are rarely found south 
of the river Ohio ; but they are strewed over almost every part 
of Ohio and Michigan. Now the primary rocks from which 
they have been derived, are found on the north side of thegrent 
lakes. This would make their longest transit between 500 

and 1000 mil^s. 

Remark. It may not improbably be fpund that some examples of the 
dispersion of diluvium in our country have resulted from local eleva- 
tions of the strata, or that the general course of the current has been 
greatly deflected foy the peculiar features of the surface ; or that during 
the retiring of the waters that produced the diiuyium in general, the 
current in particular districts may haye been turned into vallies lying 
in various directions. But all this does not destroy theeyidence, which 
is almost everywhere to -abundant, of a very wide and %Vt«>u% <£.vkxx«^>x 
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of water from the north over this continent ; and which maj have oe- 
currod at a subsequent period. 

Descrip. On the eastern confluent the evidences of a south- 
•rly diluvial current seems almost equally strong. In Great 
Britiau the general course was a little east of south, modified, 
however, and sometimes very much changed, by the shape of 
the mountains; some of whieh, as the Penine chain, appear 
not to have been passed over by the bowlders, except at their 
iowe.st points. In the east part of England, the diluvium a|)- 
pears to have been derived from Scotland, and perhaps also 
from Norway. {De La Beckers Manual p. 189. Phi f lip* s 
Geology, p. 208. AUo his Treatise on Geology; VoL 1. p. 
274.^ On the contiuent of Europe, the Netherlands, Denmark, 
the plains of the north of Germany, of Poland, and Russia, 
are strewed over with bowlders and pebbles, which can be 
traced to the parent rocks in Sweden and Finland ; in which 
countries they are yiet more numerous upon the surface. la 
rpost cases these bowlders must have crossed the Baltic. In 
Sweden the current appears to have set S. S. W. The blocks 
decrease in size on going south, and finally at a great distance, 
(more than 400 miles, GreenougKs Geology, p. 138.) they 
disappear. Tableau des Terrains par Al. Brongniart p. 77. 
Traite Elementair$ de Geologic par M. Rozei Tome, l.p, 270, 
Be La Beche^s Manual, p, 189. 

Descrip. According to Mr. Darwin, the equatorial regions 
of South America exhibit but few marks of diluvial action, or 
rather they are destitute of bowlders. But beyond 41*" South 
latitude, they appear in Chili and Patagonia. Hence some ge- 
ologists (Lyell and Darwin, see Lyeirs Elements, p. 137.) infer 
that diluvial phenomena are limited to the colder regions of the 
globe. But De La Beche describes diluvial detritus as abun- 
dant in Jamaica in the West Indies ; especially on the plaia 
around Kingston; and says that it appears to have been drifted' 
from the north. {Geological Trans. Second Series, Vol. 7. p. 
182.) A similar statement was made to me by the late I^rof. 
Hovey, who resided two years in the West Indies. Prof Struder 
states that in the hill country at the foot of the Himalayah 
mountains in India, erratic bowlders occur. (American Jour^ 
nalof Science, Vol. 26. p. 330.) Probably therefore, the equa- 
torial regions have not yet been examined extensively enough 
to settle this point. 

2. Effects of Diluvial Action upon the Earth's Surface, 

Desrrip. The tops and sfeep sides of high mountains 
and alluvial plains are nearly all the parts of the northern 



hemisphere nnt cnvered wiih a coat of bowlders, gTarel, and 
sitrid ; whose thickneH vanes from a few inches to MIO or 
200 feet. Scarcely any mountains, indeed, except perhaps tha 
Pyrenees, the Appeninea, the Cnrpathiiins and the mountains of 
Bohemia {'Traite de Onlpgk par M. Rout, p. 272, Tome I.) 
are wanting in diluvium ; and aoinetiines very large blocks are 
p«iaed upon their aiimmits. 

Darrip. Tlw mo»t abDndanl accumulations of diluvial detri- 
tuR are found npon modmalcly «levai«d ground, near the baaca 
of mountaina, and npecially nnr gorges anfi dehles. 

Bestrip. The larae hwwlders are usumIj diffused through every 
pan 'of ihe iiber n^tritus; but as alluvial agenclas wear sway 
the litter, tlwj iJllen leave the fonner iusuUieil ; and "when iher 
are nnioerouH, ihejr give^ piolunaque -appearauce to the land- 
soape. 

Emamfli*. A anat TriMrkaUe rnnpla n aa Capr Asn, in Muia- 
chiiftt* : ifi |M. i*Hy in^hf Tieintty rf BqiMni ; whrrr ifce'Vye reMmupMi 
alrooat nothing briidrs Inr^ bowldcra. Aho un lh« road liom Ljnn tn 
Sulem and Newburyport. Al«u on Cape Cod and Marlba'i Vineyard: 
•■ well a* the EliiaUtli IiUnd*. 

DMCrip. Where large accumiilationa bf diluvium exiM, the/ 
are scooped out into cavities and piled up into rounded hillock*, 
by iheaclionof water, so aw to conTpya striking idea of the great 
force of the currents thai fortuei) ihem. Fiji- 95. will give an 
idea of these rlemliona aiid deprusions as thoy occur in Am- 
heral, Haaaaoliuaetla. 



Fig. 95. 




Darrip. Sometimes these hillocks, 40 or 50 feet high, are 
■rrao;^ in a liiM at the foot of a mountain, so as to appear al- 
niust like the work of man. 

Fig. V6. abows a row of thcae eminences along the base of 
Hooaac Mouniaiu, iu North Adama, MusachuaeitM. 
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Fig. 96. 




DUucial HiUorki. JV. Adams. 



Fig. 97. ahows a ■imiUr group »t the bare or UoDument Uoun- 
totii, in Great Barriiiglon, on the east aide. 



Fig. 97. 




' DainUt HiUtdu. 



Inftrfmct. Hrllockaof ihiadesCTiplInn, anrfoiherKOf a Nimilar 
fiinii, which are the reronanis or a tertiarj or alluvia) deposit, 
that haa been snbaequenilj nearly wafberi ava; by water, have 
probably been often mistaken in the Wealern fitatea for those 
artificial ntonnda, of wliioh lltere are unffoubtedlj anmr. eanm^ 
plea in that rtegioh, , couatrucied by aoine extinct race of mra. 
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When these mounds are stratified, as thej often are, or when of 
great size, or very numerous, the presumption is very stronjg^. 
That they are natural. Illinois Magazine^ Vol, 1. p. 252. 
American Journal of Science, Vol. 34. p, 88. 

Descrip. The size of single bowlders is sometimes enor- 
mous. The block out of which was hewn a pedestal for the 
statue of Peter the Great, weighed 1500 tons. The Needle 
Mountain in Dauphiny, said to be a bowlder, is 1000 paces in 
circamference at the bottom, and 2000 at the top. Near 
Neufchalel is a block of granite 40 feet high, 50 feet long, and 
20 broad, which weighs 3,800.000 poiinds. The block called 
Pierre a Martin, contains 10.296 cubic feet. {Greenough^s 
Geology, p. 131.) The rock Horeb is a block of granite, 6 
yards square, and containing 5.832 cubic feet, lying in the plain 
near Mount Sinai, from which it was probably detached. 
{Greenottgh, p. 127.^ In this country bowlders occur of equal 
dimensions. Thus, on Cape Ann and its vicinity, I have not 
unfrequently met with blocks of sienite not less than 30 feet 
in diameter ; and in the southeast part of Bradford, I noticed 
one 30 fec^ square ; which, contains 27.000 cubic feet, and 
weighs not less than 2.310 tons. Tn the west part of Sandwich 
on Cape Cod, I have seen many bowlders of granitic gnejss, 
20 feet in diameter, which contain 8.000 cubic feet and weigh as 
much as 680 tons. Two graywacke bowlders of the same size 
lie a few rods distant from the meeting house in Norton, in Dr. 
Bates' garden. A granite bowlder of equal dimensions lies 
about half a mile southeast of the meeting house in Warwick ; 
and one of similar dimensions lies on the western slope of 
Hoosaa mountain in.the northeast part of Adams, at least 1000 
feet above the valley over which it must have been transported. 
One of granite lies at the foot of the cliffs at Gay Head on 
Martha's Vineyard, which is 90 feet in circumference and 
weighs 1447 tons. Finally, at Fall River is a bowlder of con- 
glomerate, which originally weighed 5400 tons ! 

Descrip. Diluvial action appears ta have destroyed numerous 
species of animals that inhabited the northern regions of the 
globe at the time of its occurrence. 

Proof In diluvial accumulations in the northern hemisphere, 
have been found the bones of several species of mastodon, 
hippopotamus, rhinoceros, bear, as well as the mammoth or 
elephant, megatherium, roegalonyx, hyaena, deer, dinotherium, 
horse, ox, &c. animals, of whose existence since that event we 
have no evidence. Not less than 100 species have already been 
found in diluvium, although not more than half are extinct. 

17 .. ■ 
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Inference. A sudden fall of temperature took place in the 
northern hemisphere at the period of diluvial action. 

Proof. The animals whose remains are found in diluTium 
are mostly such as live in tropical climates ; which shows that 
a higher temperature than now exists in these countries, pre- 
Yailed at the commencement of the diluvial action. And that 
the change was sudden, appears from the occurrence of the 
elephant and rhinoceros undecayed in the frozen mud of Siberia, 
for they must have been encased suddenly in ice to prevent 
their putrefaction. 

Descrip, One of the most remarkable effects of diluvial ac- 
tion, is the smoothing and furrowing of the surfaces of rocks 
in place. 

Remark 1. Although this it a very common phenomenon, etpec^Iy 
in the United States, yet until within a few years, scarcely any exam- 
ples had been pointecj out by geologists : a proof of the iittle careful at- 
tention that had been given to diluvial phenomena. The following 
examples are only a selected few, out of the multitudes which have 
been observed in New England. 

Remark 2i Care must be taken by the observer, not to confound di- 
luvial furrows with those grooves on the surfaces of rocks 4>roduced in 
the direction of the cteafage planes, or Che planes of stratification, by 
the unequal disentegration of the harder and softer parts; nor with the 
furrows between the veins of segregation, produced in the same man- 
ner; nor with ripple marks. In fine, it is best not to consider any ease 
as of decided diluvial origin, unless the grooves cross the planes cf 
cleavage and stratification at a considerable angle. Such are all the 
eases mentioned below in New England. 

Examples. In the state of Maine is a good deal of slaty rock, often 
standing upon its edges, that admirably resists atmospheric agencies; 
and hence it presents a multitude of examples of well marked diluvial 
furrows. Around the city of Portland, they are very abundant and 
very distinct; having a direction N. 10* to 15* W. and S. 10* to 15** 
£. Farther east, as at Hope and Appleton, they run nearly N. W. and 
S. E. and some of them are a foot in depth, and six inches wide (Firtt 
Report on the Geology of Maine, p, 57.) In other parts of the state, the 
direction is nearly north and south, or even inclining a few degrees to 
the N. E. and S. W. (Second Report on the Geology of Maine, p. 91.) In 
the eastern part of Massachusetts and Rhode Island, I might name 
fifty places where the furrows are obvious and 'dis|iitct. In Essex Coun- 
ty, (Mass.) they are very frequent on the hard sientte rocks ; though 
often these are merely smoothed, and sometimes almost polished. They 
are visible on the gneiss at the top of the Wachusett mountain, the highest 
in the eastern part of Massachusetts ; being 3000 feet above the ocean. 
The precipitous hills and the lower grounds of the vdley of Connecti- 
cut river, are covered with them ; and here as well as in nearly aH the 
eastern part of the state, their direction is nearly north and south, usu- 
ally however inclining a few degrees to the East of South, and West of 
North, and very rarely the other way. The hiffh mountains west of 
Connecticut river, embracing the Hoosac and Taconic ranges, some 
points of which rise 4000 feet above the ocean, exhibit very numer- 
ous examples of the smoothing and furrowing effect of diluvial agency. 
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Graylock, the highest ppint in MaraachufetU is so covered with soilt 
and trees that the rocks are very rarely seen : but on that spur of the. 
mountain called Bald Mountain, whose top is a few hundred feet below 
Graylock, the furrows are obvious as they are also on the northeast side 
of the mountain. The high conical mountain in the town of Mount 
Washington, which is 2600 feet above the oeean, has been worn over it* 
whole surface, and the furrows are still visible in many places ; although' 
the rock has been so long exposed naked to atmospheric decomposing 
agencies. Similar markings are manifest on the top of Tom Ball, a 
high mountain in Alford, and they may be seen throughout the whole 
extent of the Taconic range, which on its west side is very precipitous* 
A large proportion of these grooves run N. W. and S. £. but some of 
them approach nearer to a coincidence with the meridian. The rock, 
is mica and talcose slate, and in some instances is laid bare for a grett 
distance, so as to show the smoothing and furrowing of its surface over 
a large extent. Indeed, one cannot stand upon one of these lofly and* 
precipitous ridges, and witness this phenomenon, without being stra(^ 
with the great power and extent of the current, that has thus left itn^ 
traces upon some of the most elevated spots in N. England.-— Be twee/t 
these mountains and Hudson river the griiywacke is crossed by mark- 
ings running N. W. and S. E. Near the city of New York, according to 
Prof. Gale^ they run in the same direction. In the Western part of 
N. York, they are numerous, and they run sometimes S. S. W. and N« 
N. E. They are common also, upon the mountains of Pennsylvaniai; 
and also in Ohio, Michigan and Illinois where their most usual course is 
from N. W. to S. E. 

The top of Mount Monadnoc in N. Hampshire, which is 3S50 feet 
above the oeean, is a^ naked surface of many acres of granitic gneiss ; 
and the whole of it is most strikingly grooved and furrowed, the grooves^ 
running on the west and southwest sides of the mountain, from nortfai 
|0" west, to south 10' cast, but on the summit, nearly north and south. I 
learn from Mr. Abraham Jenkins Jr. to whom I am indebted for the facts 
respecting th.is mountain, and who is well qualified for its exam* 
ination by great familiarity with the phenomena in Massachusetts, that 
this is a very striking case ; and that in the vicinity of the jnountaia» 
similar grooves occnr. He measured some of the furrows pn the 
mountaih, and found the largest 14 feet in width and 2 feet deep. 

Dtscrip, On the eastern continent these diluvial furrows appear t* 
be far less common than in this country : for notwithstanding the great 
ability and seal 'displayed by European geologists, only a few eases of 
such grooves have yet been recorded. In Scotland (lowever, they were 
noticed long ago by Sir Jaines Hall, on green stone and other rocks^ 
having a direction N. W. and S. £. also a aimilar qa^ is mentioned itt 
North Wales, and^in the Brora coal region of 8ootlan4» where they ruA 
N. N. W. and S. 8. E. They occur uso in the Alps, and in Scandi-. 
navia this phenomenon seems nearly as common as in New England. 
Their general course is N. N^ E. and S. S. W. though there are local 
deviations, occasioned by the forms of the hills. '' Monsieur Sefstroom," 
says the distinguished Beritelins, '< has found that the northeast part of 
the mountains of Sweden, aie, throughout, rounded u&d. worn from = 
the base to the summit, so as to resemble at a distance} sacks of wool, 
piled upon each other. The southwest sides of these mountains pre- 
sent almost fresh fraotures of the rocks, with their ^nglea rounded, 
little or none.*' 
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iDOQotaiDs of N. England, aJthoogfa the correnl here had a little 
different direction. The eroovea are mosi common and deepest 
near their summits : and Tor some distance down their norther- 
ly slopes, if the depression be small. Ob the opposite slope 
also, thej are sometimes visible, where the slope is quite gen- 
tle, but never if it is steep. On the north side the greatest 
amount of bowlders is accumulated. Sometimes they are poised 
upon the very summit of the mountain, and even upon the very 
rock which they had contributed to furrow. 

Descrip, These furrows are rarely met with on pure lime- 
stone, on account of its great liability to disintegration. Most 
of the coarse granites and conglomerates, as well as gneiss are 
so much decomposed at the surface, as to have lost all traces 
of these markings. Greenstone, sienite, and porphyry, are fre- 

Jinently rounded and smoothed ; but the markings are usually 
alnt on account of their great hardness. Upon the whole, the 
upturned and smoothed ledges of talcose, micaceous, and ar- 
gillaceous slates, retain these markings most distinctly. But 
where the soil has been removed, almost every rock presents 
them to view. And were the rocks of N. England to be en- 
tirelv laid bare, I cannoit doubt but four fiflhs of the surface 
would show marks of this aqueous scarification. 

Inference 1. It appears that in all cases the direction of these 
furrows corresponds to that of the drift of the diluvium ; and 
that they are precisely such an efiect as we should predict, from 
the passage of masses of detritus by the force of running wa- 
ter. ♦ 

Inf. 2. Between the time when the diluvial currents began 
to subside, and that in which rivers assumed essentially their 
present beds, a long period roust have elapsed ; during most of 
which the water roust have flowed with far less violence.- 

Proqf. Above the ttratum of coarse diluvial gravf^l which we find al- 
moft every where, there freqoentlv are placed deposits of eJay, sand, 
and marl. A yellow calcareous ioam» searoely at all stratified, and 
sonrietimes from 100 to 200 feet thick, exists along the banks of the 
Rhinei and is called Loesg, which may have been deposited^by the sub- 
■idinff diluvial waters :— though on this point there will be a diversity 
of opinion. (LyelVs Geology Vol. 2, t>. 289.) Ret. W. B. Clarke de- 
scribes the diluvium of the county of Suffolk; in England, as consist- 
ing in part of a bed of clay in some places 400 fbet thick. (Proceedinff^ 
of the Geologieal Society of London, JW». 50, v. 532.J In New Eng- 
land a bluish clav is common in troughs and basins, both in the pri- 
mary and secondary strata; and it lies above the diluvial deposit; 
though sometimes uiterst ratified with it. Its thickness is in some 
places not less than 100 feet. Above the day is a deposit of sand, 
which in its lower part alternates with the clay. During the deposi- 
tion of the sand, there was probably more agitation in the waters than 
whih tho oJay wu§ forming : for the upper surface of the sand soq^^i 
t/mc' 'howB ifilufitLl c^cayatioxii of coii«\deta\)U de\^t^^ 
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Remark 1. In my Report on the Geology of Masaachusettf, I have de- 
■cribed the clay and M.nd abore mentioned in New England as the new- 
est of the tertiary strata. But I have since discovered evidence (which 
would occupy too much space to be here inserted,) that they lie above 
the principal dilu?ial deposit. 

jRem.3. In the northern part of New York, Prof. Emmons says that in 
the valley of Champlain, a deposit of clay and sand, which he calls 
tertiary, lies npon the surface which is aoraded by diluvial action, i 
have no doubt but that these deposits are the same as those which I 
have denominated diluvial sand and clay. Report of the New York 
Geologists for 1889, p, 350, 

Prin. In gradually assuming lower levels, the diluvial waters 
produced in strata favorably situated, numerous valleys of de* 
nadation; and greatly modified other . Tallies, produced bj 
previous agencies. 

Proof, Manv valleys have been imputed to diluvial agency -which 
were doe to other causes. But when wo find the surface of a country 
cut up into numerous parallel valleys of no great depth, which corres- 
piond wHfa the course taken by the diluvial current, and show on their 
sides and bottoms, diluvial. furrows, and whieh cannot be imputed to 
any previous disturbance ; especially when they cress mountain ridges 
obliquely in order to conform to the direction of the diluvial cur- 
rent, It seems a fair inference to ascribe these valleys to the diluvial 
waters. In Europe many examples have been pointed out. In New 
England a -fine instance occurs on the trap ranges of Holyoke and Tom, 
in the valley of Connecticut river : where a great number of valleys oC 
moderate depth cross the precipitous ridge, in the directioa of the di- 
luvial current, retaining their parallelism, over the whole mountain, but 
being thereby made to' form almost every possible angle with the cur- 
vilinear direction of the range. Thus, Fig. 98 shows the top of this 
ridge, crossed by Oonnectieat river, and by numerous valleys A,A,A,A,. 
N s. Now if they bad been the result of the original elevation, or in- 
ternal structure of the mountain, they would change their direction to 
B,B,fi, as the rid^ altered its course. ' But instead of this, we find 
them still continuing -io run nearly north and south, as N. S; even 
where the ridge has B«arly that direetiou. 

Fig. W. 
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Theories of Diluvial Action. 

Bemark. On no sabject in Geology probably, is there such a di^ersi- 
iy of opinion as in respect to the cause of dilurtal action. A principal 
reason of this diversity, lies in the pronebess of geologists to form their 
opinions from the facts that have fallen under their own notice in a parti-' 
cular district. Other causes, however, are the inherent difficulty of the 
subject ; the want of a knowledge of diluvial agency pver the whole globe > 
and the imperfection of our knowledge in this respect even of the 
northern hemisphere. Under these circumstances, I snail state the dif- 
ferent theories, with the principal arganieirfs in their fitver and against 
them. 

Prin. Any theory of diluvial totion to be satisfactorj, miMt 
explain the four following varieties of the phenomenii : 1. Er* 
ratio Bowlders : 2. Diluvium: 3. Diluvial Furrows and Val- 
leys : 4. Diluvial Elevations and Depressions. Some .theories 
might satisfactorily explain particular phases of the pb«iioili»« 
ua, but fail in their application to the entire group. 

First Theory. 

Some suppose that the diluvial phenomess which geology 
exhibits, resulted from the deluge of Noah. 

Proof. 1. In both rnstanceff the dt^uvraT action appears xo 
have been comparatively recent: S. And very extensive if uol 
universal. 

Objections. \, Nearly aU the animals found in diluTium be^ 
long to extinct species ff not generar; and hence it is probable 
the present species did not exist when it was deposited. 2. The 
remains of man have not been .found; in cTiluvium, as they 
ought to be if he existed in the countries that have been exam«r 
ined. 3. The time occupied in ihe production of diluvial 
phenomena must have been i|iueh greater tbau that assigned by 
the sacred historian for the duration- of thr Noachian deluge. 
This objection is very.j^ong' ta iImmo who- have carefully ex- 
amined diluvial phehomenau^ Americmi ^ Biblical Repository, 
Vol n.p.4. —-- — 

Second Theory. 

■ 

Diluvial action, it is maintained, is nothing Kiore than- ter^ 
restrial alluvial action in early times : that is, existing rivers, 
the bursting of lakes, landslips and the like, will aceownt for 
most of the phenomena of what is called diluvial action* 
MaccullocVs and LyelTs Geology. 

J^roqf. Aivers may be conceived to have flowed in almost 
any aiiuaiion on the globe ^rbeie dVluV\um \& \io^ found, if we 



UkCOtiD DiLUtriAt THBOftr. IM 

only admit subsequent changes of level, and long continued 
erosive action : and in that way a large proportion of diluvial 
detritus might have been accumulated. If such a body of wa- 
ter as lake Erie, and especially lake Superior, were suddenly to 
burst its barrier, it would inundate a vast region of country and 
produce wide and powerful currents. 

Objections. Admitting that rivers have greatly changed their 
beds and their levels, and that in this way limited cases of di- 
luvial action may be explained, yet the most important casev 
remain unexplained. It appears, to be well established, that a 
current from the norttiern parts of Europe has carried diluviujm 
a great distance southerly, over a region at least 1500 miles 
J>road ; or from Netherlands to Moscow.. In North America, 
also, a current set from the north and northwest, from the ex- 
tremity of Nova Scotia to the great western lakes ; a distance 
of 1260 or 1500 miles. How could such currents have been 
produced by rivers I 2. There is decisive evidence that the 
relative levels of different portions of the surface have not been 
essentially changed since the period of diluvial action : For the 
diluvium is accumulated in the greatest abundance on the 
northern side of mountains : and the bowlders decrease in size 
and numbers in ascending these mountains : all of which proves 
that these mountains occupied their present place when tli« 
diluvial waters poured over t^iem. 3. No examples are on 
record in which extensive lakes have burst their barriers sud- 
denly, «nd produced extensive inundations : and there is rea- 
son to believe, th&t where large bodies of water are drained, 
ihe process will be a very gradual one, producing no inundation* 
4. There are no examples among diluvial phenomena of those 
excavations called pot hoUs^ so frequent iu the gorges of rivers 2 
and hence the currents must have been oceanic. 

Remark. The supposed extensive depression around the Caspian Sea 
in Asia can no longer be referred to, to illustrate this case offloads from 
the bursting out -of lakes and inland seas : since it seems proved that no 
■och depression exists ; as has already been mentioned, p. 11. 

Third Theory. 

Some theorists maintain that diluvial phenomena were pror 
duced by currents, tides, and waves, with icebergs, in ih% 
ocean, while our continents were beneath its waters ; and while 
they were gradually rising above them. By means of the ice* 
bergs, the bowlders that sre'so widely distributed, and whiek 
were carried across snch deep valleys, are supposed to have 
been removed and dropped in their present position. LyM$ 
Anniversary Address before the Limdon 6^o(o^tal €«^rX>)' 
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Feh, 19M, 1836, p. 33. American Journal ^f Science, Vol 35. 
p. ^, Second Report en ike Geology of New York, p, 307. 

Proof, 1. Wide currents exist at present in the ocean, which 
probablj cotlvey detritus to great distances : as for instance, 
the tfreenland current, which deposites sand on the banks of 
Newfoundland. If a similar polar current existed when the 
northern part of this country was beneath the ocean, it might 
have carried the detritus southerly in the manner in which we 
find it distributed. 2. As the land was gradually rising from 
the ocean, the tides and breakers must have deeply excavated 
the shores, producing valleys of denudation, and swelling the 
amount of detritus in the ocean. -3. Icebergs might have been 
borne by these currents very far southerly, as they now are, 
loaded with the fragments of distant rocks, which, as the ice 
melted, would be strewed over the bottom and mixed with the 
finer materials borne along by the waters. The subsequent 
elevation of the bottom of this ocean, would present diluvial ac* 
eumulatioDS such as we now witness. 

Ohfections, Admitting that some limited examples of diluvi- 
um may have been produced in the manner this theory suggests, 
and that many insulated and far traveled bowlders may have 
been transported by icebergs, (and it aeems difficult to conceive 
of any other mode in which many- 'of them could have been 
placed where they now are,) yet it fails to account for the most 
important part of the phenomena. I. Oceanic currents, sueh 
as now exist, (and this theory does not admit of any more 
powerful in early times,) have not sufficient velocity to trans- 
port detritus as coarse as the great body of diluvium, unless it 
be in some very limited spots ; as in narrow straits where their 
velocity is increased by winds and tides. They could have car- 
ried nothing coarser than sand. Much less could such currents 
have produced that powerful erosion of the surface of rocks, 
which they now exhibit : for even the most powerful mountain 
streams, aided by ice floods, do not make as much impression 
of this sort upon the rocks, as many of the tops of the moun- 
tains in N. England exhibit. 2. Icebergs conveyed by com- 
mon oceanic currents, though they might transport detached 
masses of rock, and drop them upon the bottom, could not 
have produced the grooves and scratches which are so abun- 
dant in this country, not merely upon the tops of mouutainsy 
but on their sides, and at the bottoms of valleys, wherever a 
Bortherly current could reach. If me could suppose the num- 
ber of icebergs to have been very great, and loaded with an 
immense quantity of detritus; and that their velocity was vastly 
£^reater than that of any known oceanic cnrrenti the cause 
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would be more nearly commensurate to tJie efffscts. 3. If ice* 
bergs conveyed southerly most of the bowlders and di- 
luvium of New England, they must have been formed, in akiiost 
every part of that region: since these bowlders and diluvium 
were detached from aJmost every part. But the climate is not 
now cold enough to form such icebergs ; except on- a very limit- 
ed scale; and as we have already seen, there is evidence that 
the climate was warmer when diluvial action commenced. 4. 
The bowlders arie scattered southerly from the parent rock 
and diminish gradiinlly in size and quantity, just as would be 
the case, were they scattered by a powerful current : but had 
icebergs lifted them up, they must have been floated a consider- 
able distance before they bad melted out. 5. But the most de- 
cisive objection to this theory, and the one that seems to settle 
the question, is derived from the fact that diluvial action did 
not take pIlEice till after the deposition of the tertiary vtrata : for 
it hence follows that most of the present dry land must have ex- 
isted before that period. Thus, in New England; the rocks 
contain coal and numerous impressions of terrestrial plants ; 
which imply that dry land e.\i8ted in the vicinity, even before 
their deposition ; and the same thing is proved by the fossil , 
remains of the red sandstone in the valley of Connecticut river. 
There is other evidence that the primary strata in that part of 
the country were elevated before that period/ Yet all these 
primary and secondary strata, as well as the tertiary strata on 
Martha's Vineyard, Long Island, and in New Jersey, are alike 
strewed over with diluvium ; and the tops of the mountains, at 
least of all not more than 5900 feet high, have been powerfully 
abraded by Ji diluvial agency from the north, which has swept 
over all the strata indiscrimiuately almost without any reference 
to their strike, or the deep vallies by which they are furrowed. 
How could thts^work have been performed beneath the waters 
\ of the ordinary ocean, when the rocks were already several 
thousand feet above its surface. 

Fourth Theory, 

Other theorists regard diluvial phenomena as the effect of the 
sudden elevation of chains of mountains, while yet they were 
wholly or in part beneath the waters; which, rushing away from' 
the axis of elevation, would transport detritus in various direc- 
tions. . Phillips* Geology, p. 205. 

Proof. The Alps are a striking example to establish this 
theory : for they appear to have been raised, if not from the 
pcean, yet to a considerable height afler th<a de^<^>xv^\ik. ^\v^x^ 
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tiary stiata : for remnants of these strata are found covering 
their summits, and in their mountain valleys ; while the diluvium 
is scattered in all directions from the central axis It is probable 
that when the facts are more fully understood, it will be possible 
to refer all diluvium bowlders and grooves to the elevation of 
particular mountains. ^ 

Objections, I understand this theory to impute diluvial phe>- 
uomena to the original elevation of the mountain chains, whose 
surfaces exhibit those phenomena ; and not to. the upheaving of 
the bottom of distant oceans, whereby the waters were thrown 
over those mountains. This latter supposition belongs to an- 
other theory, which I shall examine soon. The theory under 
consideration will very reasonably explain some cases-of dilu* 
vial action : but labors under several strong objections when ap- 
plied to all the phenomena. 1. In a majority of instances the 
mountains appear to have been so far elevated before diluviai 
action took place, as in a great measure to be above the wa- 
ters ; and consequently the ri*ceding waves could affect only 
tlieir lower parts; yet their summits exhibit as strong marks of 
diluvial agency as their bases. This is the case in Sweden ac- 
cording to Sefstroom and Berzelius : the latter of whom says, 
that '*the northeast part of the mountains of Sweden are 
throughout rounded and worn from the base to the summit :" 
and he adds, *' the origin of these phenomena appears to be 
attributable to an immense current of water, filled with the 
ruins of rocks, which has passed in this direction over the 
Scandinavian soil, wearing and furrowing the mountains which 
were capable of resisting it, breaking down and tearing away 
others,. and producing that immense quantity of rounded peb- 
bles with which Sweden is inundated, and which has ht^n 
transported even to Germany, where the Scandinavian granite 
is recognized in the water worn pebbles and gravel.'^ {See Buf' 
falo Journal^ Dee, 15/A, 1831.^ Now where in Sweden, or 
Norway, or Lapland, is the mountain range whose elevation, 
since the deposition of the tertiary strata, could have produced 
this tremendous rush of waters: for the plains of Denmark, 
Prussia, and Russia, where the primary Scandinavian detritus is 
scattered, are composed of tertiary strata. (See LyelFs Map 
of the Tertiary Strata in Europe.) A similar case occurs in 
the northern part of the United States. As already described, 
the highest parts of New England have been swept over by a 
powerful current from the north and norihwest. Dr. Bigsby de- 
scribes the whole of Upper Canada from Lake Huron east- 
ward, as showing marks of a diluvial current from the same di- 
rectioa. Here then we have a long belt of primitive moui^ 
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tainous country, 500 or 60Q miles wide, over which this diluvi* ^ 
al torrent rushed, after the deposition of the tertiary strata that 
appear along its southern border, and which are strewed over 
with diluvial detritus. In this whole region no evidence has 
yet been discovered, that any part of it was elevated as recent- 
ly as the tertiary period, except perhaps a slight movement 
aloncr its southern borders^ Where then are we to look for the 
piouQtain range, whose elevation threw such a wave over New 
England ? It may indeed be found in the vast region north of 
Canada : but such a case would rather belong to the next the- 
ory to be examined. 2. T-he. direction of the diluvial current 
oAen crosses all the systems of elevation in a country, in such 
a manner as shows that it could have no connection with any of 
them. This is particularly the c*ase in New England ; where 
roost of the systems of elevation run nearly north and south, or 
east and west. We have one also of limited extent running 
N. E. and S. W. and another N. W. and S. E. But the dilu- 
vial current has swept over them all indifferently ; and has evi- 
dently not been influenced by any of them. 3. The cause in 
many instances seen^ts inadequate to the effect The paroxysmal 
elevation of a mountain chain would cause the waters to rush 
away from it violently, and of course a great deal of detritus 
would be swept alo.ng. But such an erosion as the mountains 
of Scandinavia and of New Engknd . have experienced, could 
never have been produced by one sudden and transient rush of 
waters over thsm, however violent and filled with detritus. 
The action must have been continued for a considerable length 
of time ; as any, one will admit who has carefully examined the 
phenomena in those countries. Especially is this cause insuffi- 
cient to explain the long continued action of the gradi^Ily di- 
minishing waters which some regions (Ex. gr. the valley of 
Connecticut River,) exhibit. 

JRfth Theory. 

The fundamental principle in this theory is the same as in 
the last, viz. that diluvial action has resulted from the sudden 
elevation of portions of the earth's crust : but it supposes thja 
elevation to have taken place in some instances at the bottom 
of oceans, remote from the region where diluvial phenomena 
occur ; and that these phenomena have resulted from the inun- 
dating waves that have rushed from the centre of disturbance. 
While it admits that the diluvial detritus of the Alps, and per- 
haps some other mountaiifs, may have resulted from the local 
elevation of tboae monntaiiis, it mipposes Ih^l^xft^T^V^^^^^^ 
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and extensive rise has taken place in the arctic regions, where- 
by the northern ocean has been driven southward, over a con- 
siderable part of Europe and America, bearing along masses of 
ice loaded with detritus. And further, that there may have been 
a succession of elevatory movements, which produced success- 
ive waves ; so that the waters may have repeatedly fallen and 
risen again, and while at their ebb, they may have been frozen 
to the surface, so that as they vubsequenlly rose, vast masses of 
ice may have been driven along, loaded with detritus, which 
'in ay have been forced up declivities considerably steep, and 
thus the surface be powerfully and rapidly abraded, and the 
rocks scoured and furrowed. . LU La Beches Geological 
Manual, p, 172. AJ^o his Theoretical Geology, p. 319. 
Biblical Repository Vot. 11, p. 23. 

Proof. It seems to be pretty well established, that in early 
times repeated upheavings of the bottom of the ocean have ta« 
ken place ; and the great masses of detritus which some of the 
mechanical rock8>contain seem to be the result of the abrasion 
which must have then occurred. At the present day, al^, 
similar elevations occur: (ex. gr. Hotham or Graham Island in 
the Mediterranean, in IS31. Sabrina, near the Azores, in 
ISll : and among the Aleutian Islands in 1814, an island, said 
to be 3000 feet high : — another in 1806, which is permanent : 
and another in HOa. - DyelCs Principles of Geology, Vol. 1. 
p. 295 and 388.) and in some instances, we are able to see the 
effects in the tremendous waves that follow ; as during the 
earthquake at Lisbon in 1765. The force of such waves, as 
they reached the shore, and successively rose higher and high- 
er, were a large area of the nortliern ocean to-be suddenly up- 
raised, can scarcely be estimated : loaded as they would be 
with ice; and it seems almost the only conceivable agency by 
which large bowlders could be forced up hills of considerable 
steepness, and deep diluvial grooves be formed on the northern 
slopes of hills in Sweden and Anierica. 2. In the latter country 
certainly, if not in the former, it seems scarcely possible to 
doubt that the surface of the country is essentially the same 
now as when the diluvial agency was exerted upon it ; except 
perhaps those few local minor and slow elevations and depres- 
sions of which probably every country furnishes some exam- 
ples : and hence the source of diluvial action must be sought 
out of the country. 

Objections. 1. It is difficult to conceive jthat the force of an 

oceanic current, however violent at its commencement, should 

be sufficient after passing from the arctic regions to the 45/A or 

even 40/Jk degree of north latitude, to accomplish what the di- 
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uvial current has accomplished in «ome northern countries. In* 
deed, it is difficult to see howr water under any circumstances, 
even with the. aid of icebergs, could sweep southerly to so great 
a distance, almost without reference to the direction of valleys 
and the obstruction of precipitous ridges, so great an amount 
of diluvium, and wear down and round the crests of higb 
mountains. This objection, however, lies rather 'against any 
theory thatimputes dihivial agency to water, than to the parties 
ular one under consideration ; and probably it will weigh little 
with any one who has examined diluvial phenomena, and who 
can hardly fail to see that water h(ts done, what a priori we 
might deem impossible. 2. A great length of time appears to 
have been occupied by the diluvial waters, if not in accumulating 
the coarser and principal coat of diluvium, yet in wearing out 
vallies of denudation and. furrowing the rocks in particular 
districts* 

Sizik Theory. 

A theory has lately been advanced, which attributes the ac- 
cumulation of bowlders and the furrowing of rocks, to the de- 
scent of glaciers along the slopes of mountains, as the strata 
were elevated suddenly : and in this case it is not necessary to 
suppose the mountains surrounded by, or rising from the ocean. 
American Journal of Science, Vol. 35. p. 24 i . * 

Obj, This theory is so evidently insufficient to account for 
the tout ensemble of diluvial phenomena, that it seems needless 
to spend time in its examination. That it might account for 
some detrital accumulations at the foot of steep mountains, el- 
evated since the deposition of the tertiary strata, and form some 
grooves on their slopes, is admitted. But how obvious that the 
great mass of diluvium, which has been spread over compara- 
tively level regions, and especially that portion by no means 
small, in New England, which has l>een driven up moderate 
slopes, how obvious that this could never have been the work 
of glaciers 1 How absurd to suppose a glacier siding down a 
declivity several hundred miles in length ; as for instance from 
Scandinavia across the Baltic, 400 miles south upon the plains 
of Germany. See Prof. Struder^s examination of this theory^ 
in the American Journal of Science, Vol. 36, p. 325. 

Seventh Theory, 

A seventh theory, which was proposed originally by Dr. Hal- 
ley, and which has found supporters even to this da^^ (GcaI^ 

18 
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gU Pofmlaire, par N. Bmthee, p. 40. Paris 1833 J supposes 
t comet to have cone into contact with the earth; or at least 
into near proxtmity, by which, either the axis of the earth was 
changed, or a powerful tide raised so as to produce a deluge. 

O^ectian, This theory will probably demand little farther at- 
tention, (waiving all other considerations,) since it is now ren- 
dered probable, that comets have ** no mere solidity or coherence 
than a cloud ol dust or a wreath of smoke," — ** through which 
the stars are visible with no perceptible diminution of their 
hcightnesa." Wkew^lPs Bridgtmater Treatise, p. 152, 153. 

Inf. I. It is probable that the philosophical and unprejudiced 
nind will feel as if none of the precteding theories furnish an 
entirely satis&ctory account of the origin and operation of dil- 
uvial agen^ ; although some of (hem may explain most of the 
phenomena. And hence such a person will infer, that the time 
has not yet arrived for forming a complete theory on this sub- 
ject ; and therefore that it is best to keep the mind open to 
facts and reasonings from all quarters. He cannot, however 
avoid the general and very important conclusion, that near the 
close of the tertiary period, most of the dry land in the 
northern hemisphere, has been swept over by powerful currents 

of water; either at once or at successive periods. 

Ii\f. 2. Although .dilaviiuii mmv have- bee9 produced at different 
epochfi, yet we n^iy be fure that the interval was not great, in a geo- 
logical eente, between them. For were the periods yery remote from 
one another, the diluvium, and especially the furrowfi' on the rocks, 
would exhibit raarki of a diversity in age. But they all appear com- 
paratively recent. De La Beehes ManiuU, p. 193. r 

. Inf, 3. It appears that deluges, or diluvial currents, ha%e of<» 
ten occurred on the globe during the deposition of tbe fossilif^ 
erous rocks. 

. Proof. 1. Different mountain chains have been elevated at 
different epochs during tbe formation of these rocks and thus 
powerful diluvial currents must have been produced. 2. Nu- 
merous beds of detrital rocks occur among the fbssiliferous 
straU, and tjiese are probably. in general cdnsolidated diluvium. 
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SECTION VII. 

OPEftAtlON OF ORGANIC A6GNCIES IN PRODUCING GEOLOGICAL. 

CHANGES. 

Remark. Many of the facts nattfraUy belonging to this Section , have 
been necessarily anticipated in the preceeding Sections ; and wiil there* 
fore, need only to be referred to in this place. 

Agency of Man, 

Prm. The buman race produce geological changies hi several 
modes: 1. By the destruction of raat numbers of animals and 
plants to make room for themselves, 2. By aiding in %lm wide 
distribution of many animals and plants, that accompany man 
in his migrations. 3. By destroying th^ equilibriom between 
conflicting species of animals and plants; and thus enabling 
some species to predominate at the expense of others. 4;> Bj 
altering the climate of large countries by mieans of cultivation. 
5, By resisting the encroachments of rivers arid the ocean. 6; 
By helping to degrade the higher parts of the eaHh's surface; 7. 
By contributing peculiar fbssil relics tb.th^ alluvial depositiont 
how goin^ on, on the land and in the sea : such as the skele- 
tons of his own frame, the various productions of his art, nu- 
merous gold and silver coins, jewelry, cannon balls, 6lc. that 
sink to the bottom of the ocean in shipwrecks, or become other- 
wise entombed. 

Eza^plks, The only examples of the entire extinction of the larger 
animals coeral with man; ana probably through his agency, are 1. The 
great Irish Elk, which was 10 feet high to the top or the horits, which 
are from JO to 14 feet between their tips. 2. The DodOf a bird larger 
than the turkey, which existed in Mauritius and the adjacent islands 
when they were colonized by the Dutch 200 years ago : but it is no 
longer to be found ; and even all the stuffed specimens that were 
brought to Europe are lost : so that a he^d and a root of one individual 
in the Ashnaoleaa Maseam' at Oxford, knd the leg- of another In thl^ 
British Moeenm, are all that remtrini of it, except sotii^ fpUil bbhed 
iitely found in the Isle of France. 3, The ^Uryz tdkiiAitfis 6€ fiJ^y^ 
Zealand appears to be on the point of extinction, if hot-actually extinct: 
as only one specimen of it exists in Europe ; and no others can be ob* 
tained, though the missionaries say that its skin is still worn by the na- 
tives, ff^oiiders of Geology, Vol. I. p. 105. 

. In particular coantfiek it is a, more common occarretiee for' sp^i^ to 
beeome extinct ; a« the beaver ^ v oU, and bear, in England. In this 
country the animals of the forests are disappearing or moving westward, 
as the forests are clearing up.. Since the discovery of the island of 
South G^oi'gia, in 177^1, one million two hundred thousand seal akliuL 
have been annoHlty taken from thence *, and i\Mtt\.^ w^-Slo»*v'^ \twts^tt^w»^ 
the Island of Desolation. The atumaX *\m \>«<iOisv«i^ ^tXvj^rX ^ sx«««^ 
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ifflandfl. How many of the smaller animals may have become extinct| 
through the agency of man, it is impossible to ascertain. 

It has been maintained with great confidence, that the climate of Ea- 
rope is very much warmer than in the days of ancient Rome : and this 
has been imputed to the clearing away of the forests. {Rees' Cyclopmditi^ 
JtrticUy Climate.) But M. Arago has lately rendered it probabw^ lliat 
no such change has taken place. {LyelVs Principles of Geologf^ Vol. 2. 
jp. 107.) In North America, however, the extremes of heat ai|.d cold 
nave probably been modified by the clearing away of the forests. 

In Italy the Po, Adige, and other rivers^ are prevented from overflow- 
ing the adjacent country by embankments. These have beeit ici^rried so 
high, and the bed of the river has so much filled up in some places, that 
the surface of the Po is more elevated at Ferrara than the roofs of the 
houses. LyelVt Principles of Geology ^ Vol. 1. p. 179. 

Inference, Some writers maintain that as species of animals 
and plants disappear from the earth, new species are created to 
take their place, that the proper equilibrium of organic nature 
may be preserved. But as no certain example of (he creation 
c^ a new species has yet been discovered, this opinion can be 
regarded only as an hypothesis : And the majority of authors 
suppose that in general, no new creation takes place, until near- 
Ij.the entire race, inhabiting a country at any one period, have 
been destroyed^ either by a sudden catastrophe, or in the slow 

manner that has been described. 

Obsu This question,, with vtke whole subject of the permanenee, dis- 
tribution, and motsal influence of species of animals and j^ants, is fully 
and ably discussed in LyelV$ Principles of Geology ^ Book 3. The gcacs* 
al principles regulating their distribution has been given in Section V. . 

Agency of Other Animals. 

Prin. Very many other animals exert an influence on geolo- 
gical changes analogous to that of man, though less in degree^ 
except the following. 

Polyparia or Polyps. 

Remark, The lithologioal character of the stony hebitaiioa erected 
by these minute animals, has heen described in Section IH. Some ae« 
count of the Poljrps has. also been given in Section VI. . The history of 
Coral Retfs remains to be described* 

Descrip, Coral Reefs are ridges of calcareous rock, whose 
basis is coral, (chiefly of the genera Porites, Astree, Madre- 
pora, Meandrina and Caryophillia,) and whose interstices and sur* 
face are covered by broken fragments of the same, with broken 
shells and echini, and sand, all cemented together by calcare- 
ous matter. They are built up by the Polyparia, apparently on 
the margin of volcanic craters, beneath the ocean, not gener- 
aJl/ from a depth greater than 35 or 30 feet, yet sometimes prob- 



ably 99 fed. The" polypnria eoatinne to hnild unlit ihe ridgt 
gets to the surrace of the sea at low u-aier ; aAer whidi, the 
aea washea upon it fragmeiitii of coral, drift wuod, &.O. and a 
foil gradually accumuluieH, which ia at leugih occupied by aiii' 
nala with man at their head. The reefs are usnutly arranged 
iu a circular manner, with a lagoon in the center, whe.-e, in 
water a few fathoms deep, grow an abunilauce of ddicale species 
of corals, and uther mariue aniiuala, whose beautiful forma Rud 
c'llors rival the richest Hower garden. Volcanic agency ol'tan 
lifts the reef far above (he wnters, and snrneiimes covers one 
rpef with lava, which in its turn is covered with another form- 
ation of coral. The growth of coral siruciures is co extreme- 
ly alow, that centuries are required to produce any important 
pTogreiM. The rate of increase has not heen defermined. 

Dtacrip. The diameter of these' circular reefa has been found 
to vary from less than one to 30 miles. Ou the outtide, ttte 
reef ia iiaually very precipitous, and the water often of Hnfaih- 
omable depllu Fig. titf. is a view of one of these eircttliU' i» 
lands in Ihe south seas, called Whitsunday l^le; so far re- 
claimed from the waters aa to be coreifcU with cocoa utit treea 
and with some human dwellings. 

Fig. 99. 




truttuitduy : a CotmI Jtland. 

Dtscrip. These ciicular islets occur abundantly in the Pacific 

Ocean, between the thirtieth parallels of latitude. Ttiej 

abound alao, in the Indian Ocean, in the Arabian and Persiaa 

Gulfs, in the West Indies, &c. Usually thty are sciitteied in c 

18" 
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linear manner over a great extent. Tbos, on the eastern coast 
of New Holland, ii a reef 350 miles long. Disappointment 
Islands and Duft's Group are connected by 600 miles of coral 
reefs, over which the natives can travel from one island to an- 
other. Between New Holland and New Guinea, is a line of 
reefs 700 miles long, interrupted in no place by channels more 
than 30 miles wide. A chain of coral islets 480 geographical 
miles long, has long been known by the name of the Maldivas. 
LyelVs Principles of Geology, Vol. 2. p. 172. 

Infusoria, 

Rem. It 18 certainly one of the moft astonishing diseoTerief of mod- 
em science, that the animalculas of infosions, of which 500.000.000 may 
live and sport in a drop of water, shonld originate extensive formations 
of rocks and soils by their skeletons. But the mystery is explained 
when we learn how astonishing is their power of mnUipIieation. The 
facts on this subject, howerer, have been so fallv detailed hi Auction 
V. that nothing more can be profitably added in this place. 

Agency of Plants. 

Descrip. Animal and vegetable substances, when buried in 
the earth, or the waters, sometimes undergo an almost entire 
decomposition : at other times, this is very partial ; and some* 
times the change is so slow that for years scarcely no appar- 
ent progress is n^ade. Different substances will be the result 
of these different degrees of decompositioQ. 

Geine and Geates. 

De$erip. When a complete decomposition takes place, » 
compound cnlleii' Geine h the result. If acted opon by an al- 
kali, it assumes acid properties ; and then combines with earths, 
alkalies, and oxides, forming neutral salts, which may be called 
Geates. And in fact, most of- the geine in soifs exists as geate 
of alumina, of lime, of n^agubsia, of iron, and mafigapese. 
It is these geates, with some -geine in an uncombined state, 
mixed with the detritus derived froln the disintegrittion of rocks, 
and which are mostly silicates, that form soils, and especially 
vegetable mould. These geates and geine are more or less 
soluble in water, and in that condition are taken up by rootlets 
of plants, and form a large part of their liourishment. Hence 
it is that the thickness of vegetable mould rarely becomes very 
great, even in uncultivated regions ; though some of the prai- 
rie soils are said to be several feet deep. If organic mat- 
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ters upon the earth's surface are not conYerted into geine 
and geates, they are liable to be changed into their original ul- 
timate elements, and to escape in the form of gas. But in the 
condition of geates they are permanent. Report on a Rt'exam* 

{nation of the Geology of 3£assachusetts p, 30. 

Remark, Some writers maiQtatn that geine if composed of two or 
three acids ; the crenic and apocrenic. American Journal of Seieneef 
Vol 36. p. 369. 

Peat. 

Descrip. Peat usually consists of soluble and insoluble geine, 
with a mixture of undecomposed vegetable matter, and some 
earths. Most of it results from the decomposition of certain 
mosses; especially of the genus j^Aog'iitiiit; which decay at 
their lower extremity, while the top continues to flourish with 
vigor. Trees and whatever other organic matter happen to 
get into these peat bogs, soon become enveloped and assist to 
swell the amount. In some instances the beds have acquired 
a thickness of more than 40 feet. 

Descrip, In tropical climates, except on high lands^ the de- 
composition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land, the pest bogs are said to occupy one tenth of the surface, 
and one of them, on the Shannon, is 50 mites long and two or 
three broad. In Massachusetts, exclusive of the four western 
counties, the amount of peat has been estimated at not less 
than 120 millions of cords ; and probably this falls far short of 
the actual amount. 

Descrip, By the long continued action of water and other 
agents, the geineofpeat is changed into bitumen and carbon, 
which constitute lignite and bituminous coal. In a few instances 
the process of bituminization hasf been found considerably ad- 
vanced in the- beds of peat. Macculloch^s System of Geology, 
Vol, 2. p, 352. Dr. C, T. Jackson* s Second Report on the 
Geology of Maine, p, 80. Americcm Journal oj Science^ Vol. 
35. p, 345. 

Descrip, Peat bogs are remarkable for their antiseptic pov* 
er, or the power of preserving animal substances from putref^o- 
tion ; some remarkable cases of which are on record. {LyelTs 
Principles of Geology, Vol. 2. p, 115.) Whether this be owing 
to the existence of acetic acid in the peat, or to the conver- 
sion of the animal muscle into adipocere, seems to be not well 
ascertained. 

Descrip. Peat bogs sometimes burst their barriers in con* 
sequence of heavy rains, and produce extensive inttadaXv^^% ^ 
black mud. 
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DtMfrip. The increase of peat Taries so roach ondcr differ- 
ent circtf matanceit, that it ia of no oae to attempt to ascertain ita 
rale of growth. On the continent of Eorope, it is stated to have 
gained set en feet in 30 jearsw Ma€cuUo€k's System of Gtohgy, 
VoL2.prM4, 

Deterip, Where peat is formed in, or transported into <>stii- 
arieff, it is sometimes covered with a deposit of mod : orer this 
another layer of peat forms, and in this way se? eral alternations 
may occur 

DfMcHp, In some peat bogs, large trees have been found 

standing where they originally grew, yet immersed to the depth 

of 20 feet : as in the Isle of Man. Lyelfs PriRripUs ofGroio" 

gy, VoL^.p. 113. 

iHicrip Tlie following analysis of thrive specimens of inarsh peat from 
Massachttsatts, will give an idea of the composition of this subatanec. 

From From From 

Sunderland. Westboro*. Hadley. 

Roluble Geinft, 2600 48.80 34.00 

JnsoliibU, do. 5il.60 43.G0 60/0 

Hulphate of Lima, 4.48 1.88 1.36 

Phosphate of do. 0.73 0.19 Oj^ 

HilieaUs, 9.20 5.60 4.40 

lUU.OO 100.00 100.00 

Drift Wood. 

Dfjrrip. Large rivers which pass through vast forests, carry 
down immense quantities of timber. When these rivers over* 
flow thisir banks, this timber is in part depoi^ited upon the low 
grounds. But much of it also collects in the eddies along the 
sliorofl, or is carried into the ocean. After a time it becoineis 
fonter'togfred ; that is, saturated with water; and sinks to the 
tmttom. Thus a deposit of entangled wood is often formed 
over large areas. This is subsequently covered by mud ; and 
then another layer of wood is brought over the mUd : so that in 
tho course of ages, several alternations of wood and soil are 
■ccumulated. The wood becontes slowly changed into what 
Dr. Macculloch terms Forest Peat ; that is, peat which retains 
ita woodv fibre. 

JUxample, 1. The Mississippi furnishes'the most remaricable example 
known of these aceunialatioua. In conseqaenee of some obstruction in 
the arm of tho river called the Atchafalnya, supposed to have been for- 
ncrly the boA of the Red River, a rail bnd accnmulated in 35 years, 
irbicn in 1H16 was 10 miles long, 220 yards wide, and' 8 feet thick. A1- 
Ihongh floating, it is covered with livingr plants, and of ibonrse with 
jitt. Himilar rafts oecar 6n the red river: and one on the Washiu, 
' the surfaea for 17 leagues. At the mouth of the MissiMiippi, 
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also, Atimeroufl alternationf of driftwood and mad exist, eztendingr over 
handfeds of square leagues. LyeU*s Principles of Otology ^ VelA.p. 182. 
22d. American Journal of Science, Vol. 3. -p. 17. 

Ex 2 Similar deposits of wood and mud are found in the river 
Mackenzie, which empties into the North Sea ; and in the lakes through 
which it passes. At the mouth of the river, which is almost bejond the 
region of ve^retatioB, are eztensi?e deposits brought from the more 
southern regions, through which the river passes. LyeW^ Principles of 
Geology, Vol. 2. p. 136. 

Ex. 3. A part of the driftwood which is brought down th« Mississippi 
and other rivers, along the coast of America, is carried northward by the 
Gulf Stream, and thrown upon the coasts of Greenland. The same 
thing happens in the bajs of Spitzbergen, and on the coasts of Siberia. 
LyeWs Principles of Geology, Vol. 2. p. 138. 

Inference. Id the history of comnion peat and drift wood, we 

see ibe origin of the beds of coal which exist in the older strata : 

For it needs only that the layers of peat (in which term I include 

submerged drift wood,) should be bituminized, and the inter* 

vening layers of sand and mud be consolidated, in order to pro« 

duce 9L genuine coal formation. Common marsh peat alone, 

can have originated but a small part of the beds of coal. 

PhiUips' Geology, p, 1 16. 

Consolidation of Loose Materials. 

Rewh. Having in this and the preceding Sections described a variety 
of natural processes bj which just such materials as form the fossilifer- 
ous rocks are produced, it remains to enquire whether any agents are 
now in operation to effect their eonsolidation. 

Prin. A considerable degree of solidity is sometimes pro- 
duced by mere desiccation. 

Examples. 1. When day is exposed for a long time to the sun, it be* 
comes as hard as some rocks — ex. gr. the marly cUy dug from the bot- 
tom of Lake Superior. Lyell's Principles of Geology, Vol. I, p. 217. - 2. 
Some rocks, when dug from a considerable, depth in the earth, in so soilL 
a state as to be readily cut with a knife, beodme very hard on expo« 
sure to the atmosphere. 

Prin, Carbonate of lime, conveyed in a state of solution 
among the loose' particles of gravel, sand^ clay, or mud, aad 
there precipitated, becomes a very efficient agent of consolid4* 
tion. 

Examples. 1. On the shores of the Bermuda and West Indian Islands, 
extensive accumulations of broken shells, corals, and sand, are formed 
upon the shores bj the waves ; and these are subsequently consolidated, 
frequently into very hard rock, by the infiltration of the water which 
contains carbonate of lime in solution. The famous Gaudalope rock, ia 
which human skeletons, along with pottery^, stone arrow heads, and 
wooden ornaments, are found, is of the same kind.'2. The Mediterran* 
ean delta of the Rhone, is ascertained to be in a good measure solid rock, 
produced bj the numerous springs that empty into it, tliat contain car- 
bonate of lime in solution. The same is true of the de^sita aJU ^b«^ 
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mouthi of other titers in the south partof Itaij : but more especially oil 
the east coast of the Mediteranean ; where the ancient Sidon, formerly on 
the coast, is now 2 miles inland. (LyeWs Frmnplei^ of Geology, Vol, I, p, 
S^. 3.) In Pownal, Vermont) 8 miles north of Williams CoUegre, large 
masses of diluvial g^ravel are eemedted by carbonate of lime. 4. 1 have 
specimens of a calcareous breccia from West .Stock bridge, ill Massachu* 
setts, which was formed by the«faips thrown off in hewing marble, ce« 
men led together lljr the stream that P>B<icd oyer them, so as to be nearly • 
as solid as the original limestone. This was accomplished in 17 ^ears. 

Prill,- Another agent of consolidation is the red or peroxide 

of iron ; or rather the carbonate of iron ; since the peroxide is 

not soluble in water, without carbonic acid. 

Examples. 1. On the northern coast of Cornwall, £ng. large masses 
of drifted sand have been cemented by iron into rocks, solid enough 
sometimes to be employed for building stones. 2. A similar case occurs 
on the coast of Karamsnia, and other parts of Asia Minor- {Dm Lm 
Becke's Mnntial, p. 78.) In the United States it is common to find the 
sand and gravel of the diluvial and tertiairy. strata, more or less coosoli- 
dated by the hydrated |>eroxide of iron. 

Prin. Silica dissolved in water, appears to have been in for- 
mer times, an important agent in consolidating rocks: But at 
the present day it seems to be limited chiefly to deposits from 
thermal waters ; since it is only water in this condition that 

will dissolve silica in much quantity. 

Examples, The deposits around the Geysers in Iceland, the A «*re 
Islands, &c. 

Prin, Heat is an important agent in the consolidation of 
rocks : the most so when it produces complete fusion ; yet this 
is not necessary to the production of a good degree of solidifi- 
cation. 

Examples. The instances are so common in the arts, (as in burning 
bricks, pottery, porcelain, <&«.) where heat solidifies ; and also in the vi- 
cinity of volcanoes, where "Icfose materials have become very hard by the 
proximity of lava, that partictilar iustan^es need not be pointed out. 

Prin. In many of the cases that have been described, great 
pressure assists in the work of consolidation; Indeed, it is 
sometimes sufficient of itself to bring the particles within the 
sphere- of cohesive attraction. , 

Example. This principle is top well understood to require particular 
instances to be pointed out. 

General Inference frvm this and the Preceding Section. 

Inf, From the facts detailed in this and the preceding Section, 
it appears that all the stratified fossiliferous rocks of any impor- 
tance, may have resulted from causes now in operation. 

Proof and Examples, 1. Beds of clay need only to he con* 
solidated to l>ecome clay slate, gjraywacke 8lat«, or sha(e. 2« 
The same is true of fine mud. -3. Sand consolidated by car« 
bonaie of I'lrmp, will produce calcareous sandstone : by iron^ 
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ferruginous sandstone. 4. Diluvial deposits, in like manner^ 
will form conglomerates of every age, according to variations 
in the agents of consolidation. 5. Marls need only to be con- 
solidated to form argillaceous limestones; and if sand be mix- 
ed with marl, the limestone will be siliceous. 6. Coral reefs 
and deposits of - Travertin, subjected to strong heat under 
pressure, will produce those secondary limestones that are 
more or less crystalline : but more of this under the next Sec- 
tion. 7. We have already seen how beds of lignite and coat 
may be produced from peat, and drill wood. 8. "The forma- 
tion of such extensive beds of rock salt and gypsum, as occur 
in tjie secondary and tertiary rocks, is more difficult to explain 
by any cause-now in operation. And yet in respect to the for- 
mer, it. is said that the lake of Indersk, 20 leagues in circumfer- 
ence, on the Steppes of Siberia, has a crust of salt on its bot- 
tom more than six inches thick, hard as stone, and perfectly 
white. The lake of Penon Blanco in Mexico, yearly dries up, 
and leaves a deposit of salt, sufficient to supply the country^ 
(Ur^s Qeohgff^p. 373.) I have also described a somewhat simi- 
lar case at the lake of Ooromiah in Persia. (8te Section IIL) 
Probably also, volcanic action was concerned in the deposition 
of rock salt. The origin of gypsum is still more difficult to 
explain by agencies now at work . since we know of but very 
few springs that deposit it^ and these (ex. gr. at Baden near 
YLennay) in small quantity. 

Remark. 1. It does not follow from the preceding inference that the 
causes of geplogical change now in operation, have not operated during 
the deposition of the fossiliferous rocks with greater energy than at 
present ; but only that they have been identical in nature, during the 
past and present periods. 

. Remark. 2. We can better judge whether existing Agents have pro- 
duced the older stratified. ro€k», and the unstratified class, when we have 
examined the dynamips of igneous agenpies. 



SECTION VIII. 

OPERATION OF I6N&OUS AGENCIES IN rRODUCING GEOLOGICAL 

CHANGES. 

Def, Volcanic action in its widest sense, is the influence ex- 
erted by the heated interior of the earth upon its crust. Igne- 
ous agency has a still more extensive signification ; embracing 
all the action exerted by heat upon the globe^ vrbfixVsKx ^^ 
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foaree be ioternal or external. The history of the fomier will 
prepare na better to appreciate the infloenoe of the latter. 

Prm. Volcanic agency has been at work from the earliest 
periods of the world'« history ; prodacing all the forms and 
phenomena of the unstratified rocks, from granite to the most 
recent lava. Modem volcanos will first come under consider- 
ation. 

Def. These are of two kinds. Extinct and Active. The 
former hare not been in operation within the historic period : 
the latter are constantly or intermittiogly in action. 

Def, A volcano is an opening in the earth firom whence 
matter has been ejected by heat, in the form of lava, scoria, or 
ashes. Usually the opening, called the crater^ is an inverted 
cone ; and around it, there rises a mountain in the form of a 
cone, with its apex truncated, produced by the elevation of the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 foet (Suombdi,) to 17790 feet. (Cotopaxi.) 
Humboldt an the Superp&sitimt of Rocks^ p. 406. 

Def, When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation for centuries, such ele- 
vation is called a Solfatara, or FmmeroU, 

Def. When volcanos exist beneath the sea, they are called 
Submarine; when upon the land, mbaerial, 

Descrip. As a general fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones; often 
reaching half around the globe. 

Examples, 1. Perhaps the most remarkable line of vents is 
the long chain of islands commencing with Alaska on the 
coasts of Russian America, which passes over the Aleutian Isles, 
Kamschatka, the Kurilian, Japanese, Phillipine, and Moluccan 
Isles, and then turning, includes Sumbawa, Java, and Snroa- 
tra, and terminates at Barren Island in the Bay of Bengal. 2. 
Another almost equally extensive line, commences at the south- 
ern extremity of S. America, and following the chain of the 
Andes, passes along the Cordilleras of Mexico, thence into 
California, and thence northward as far at least as Columbia 
River ; which it crosses between the Pacific Ocean and the 
Rockv Mountains. (Parker's Tour beyond the Rocky Monn^ 
tains^ 3. A volcanic region, 10 degrees of latitude in breadth, 
and 1000 miles long, extending from the Azore Islands to the 
Caspian Sea, abounds in volcanos; though very much scat- 
tered. The region around the Mediterranean, is perhaps bet- 
ter known for volcanic agency than any other on the globe ; 
because no eruption occurs there unnoticed. 

Dtf* Volcanos not arranged in lines or zones, are called 
'«/ volcanos, and are more or less insulated. 
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EtampUs, Iceland, the Sandwich IshiBds, Society Islands), 
Island of Bourbon, Jorullo in Mexico, &^c. a region in Central 
Asia, of 2500 square geographical miles, from 800 to 1200 miles 
from the ocean. De la Beeht^s^ TJuoreticat, Geology ^ p, 130. 

Descrip, The number of active volcanos and Solfataras on 

the globe, is estimated at a little over 300 : (308) Cmsidtra- 

lions Gemerales svr les Volcans ^cPar M. J. Girar(iin^ p. 2^. 

Paris 1831^ and the ■ Ottaaber of eruptions, about 90 in a year., 

or 2000 in a century : though on both tbe^e points theve is lOQip 

for considerable uncertainly. 

The foHow'mg Table. .will -sh^w* bow- the Actt?e VoloaiMHi aii4 Solfii- 
tanui are di4trfba^d.ai?k the Globe. 
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Descrip, id4 of these volcanos, or about two third?, aife 
situated upon tlie iriands of the sea ; and of the remainit^g 
third, the greater' part' are sitdated upon the borders of the sea, 
or a little distance from the coast.' Girardin*s Considtrations, 
S^c. /?. 25. 

Inference, Hence it is inferred that water acts an importan't 
part in volcanic phenomena :' indeed, it' seems generally admit- 
ted that the immediate cause of an eruption is the expansive 
force of steam and liberated gases. It ought not to be forgot- 
ten, however, that some volcanos are far inland : as Jorullo in 
Mexico, and the volcanos in central Asia. 

Inlermillenl Volcanos^ 



Dtsrrip. Only .a few volcanos are constantly active : in most 
cases their operation is paroxjfsmal ;.and is succeeded by long- 
<jr or shorter intervals of repose. This interval varies from 
a few months to seventeen centuries. In the Island of Ischja, 
the latter period has been known to intervene between two erup- 
tions. 

Inf. Hence^ some of the volcanos of America, generally re- 
garded as extinct, /'as.Chimborazo,, and Carguairazo in Quito, 
Tacoza in Peru^ and Nevado de Toluca in Mexico,) may yet 

19 
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break forth -and show themseives to belong to the class of actire 
volcanos. 

Phenomena of an lEntptidn. 

■ ■ ■ = / 

Deserip, A rolcantc ernptiori is commonly precluded by earth- 
quakes in the vicinity ; stillness of .the air, with a sense of op- 
pression ; noises in the mountain ^and the drying np of foun- 
tains. The eruption commenees with a sudden explosion, fol- 
lowed by vast clouds of smoke and vapor, with flashes of light- 
ing, and showers of ashes and stones ; and finally by red hot 
lava ; which flows over the rim of the crater and Spreads over 
the surrounding country. 

Deserip. Probably (he most remarlfable eruptlofi'of modei'n 
times took place in 1815, in the island of Sumbawa, one of 
the Molucca group. It commenced on the 5th of April, and 
did not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction, 720 miles distant So 
heavy was the fall of ashes 'at the distance of 40 miles, that 
houses were crushed and destroyed beneath them. Towards 
Celebes, they were carried :to the .distan9e of 217 miles ; and 
towards Java, 300 miles, so as to occa;sioti a darkness greater 
than that ot the darkest night. On the 12th ctf April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
and ships were forced through them with difficulty. Large 
tracts of country were cqver^ by. the lava : and out of 12^)00 
inhabitants on the island, only 26 survived. 

Deserip. During the great eruption of the volcano of Cos- 
iguina in Gautimala, on- the shores of the Pacific, in it^35, ashes 
fell upon the island of Jamaica, 800 miles eastward ; and upon 
the deck of a vessel 1200 miles westward. American Journal 
of Science, Vol, 33. p. 53. 

Deserip. The situation of Vesuvius and Etna has made 
their history better known than that of moM volcanos. Eighty 
one eruptions of the latter are on record, since the days of 
Thucydides ; and thirty seven of the former, since the first 
century of the Christian era. That which occurred in Vesuvi- 
us A. D. 79, is best known, from the fact that it buried three 
cities, Herculaneum, Pompeii, and Stabiae ; which wert flour- 
ishing at its base. No melted lava appears to have been thrown 
out at the eruption, which consisted wholly of lapilli, sand, and 
stones. Hence it is, that almost every thing enveloped in those 
cities ; — streets, houses, inscriptions, papyri, (manuscripts), 
grain, fruit, bread, condiments, medicines, &c. dec. are in a 
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most perfect state of preservation. They are iodeed perfect 

examples of fossil cities! LydV s Principles of Geology^ Vol, I. 

jr.d23. Dr,Ja$Hes Johnson's Philosophy of Travellings p. 233. 

Remark. The vast quantities of aqueous vapor that escapes during 
a volcaaic eruption, is often condensed and descends in torrents of 
raiu) which falling^ upon the ashes, which the volcano has cast out, con- 
verts them into mud ; and it was probably mostly mud that enveloped 
Pompeii, though Herculaaeum appears to have been covered with mel- 
ted matter. Mud ready formed, however, not unfrequently is emitted 
from volcanos. 

Desarip, In the year 1751^, in the elevated plain of Malpais, 
in Mexico, which is from SOCK) to 3000 feet above the ocean, 
and at the distance of 125 miles from the sea, a volcanic erup- 
tion took place, producing six volcanic cones; now varying in 
height from 300 to 1600 feet. Around these cones, and cover- 
ing several square miles, are i multitude of small cones, from 
6 to 9 feet high, called HomitoSf which continually give off hot 
aqueous vapor and sulphuric acid. 

Remark, There is still a diversity of opinion as to the manner in 
which volcanic cones are formed. Von Buch, the distinguished Prussian 
geologist, maintains that a l&rgf p&rt of the cone is produced by the 
upheaving of the strata, and that the crater, which in such cases be 
calls a eraUr of elevaiioitf results from the fracture at the summit. 
Upon thhi elevated mass lava aecumalaies; Other geologists suppose 
the cone to be entirety formed of lava. 

Descrip. Son)etiroes during a violent eruption, the wboU 
mountain, or cone, is either blown to pieces, or fails into the: 
gulf beneath, and its place is afkerwards occupied as a 
iflke. 

Ezanml^. ]« In 1772, the Papendayaqg, a large volcano in theisl*^ 
and of Java, afWr a short and severe eiruption, fell in and diaappaared 
over an extent 15 miles long and six "broad ; burying 40 .villagj^s, and 
2057 inhabitants. 2. In 1636^ the Picj a volcano in the Isl&nd ofl'imor, 
so high as to be visible 300 miles, disappeared, and its place is now oc- 
cupied by a lake. 3. Many lakes in the south of Italy are supposed to 
have been thus formed ; and this ia probably the origin, of the Dead 
Se% in Palestine. Bakeicell*s Geology ^ p, 265. 4. A volcano occupy- 
ing the same spot, as the present Vesuvius, is supposed thus to hare 
been destroyed in 79, and its remains to constitute the circular ridge, 
called Somma, which is several miles in diameter. 

Dynamics of Volcanic Agency, 

Prin, We cian form an estimate of the power exerted by vol- 
canic agency, from three circumstances : first, the amount of 
lava protruded : secondly, from the distance to which masses 
of rock have been projected: and thirdly by calculating the 
force requisite to raise lava to the tops of existing ciraters. 

Descrip. Vesuvius, more thon 3000 fee.V. Vi\^^\i"^\^s«t'^^^ 
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seoriR 4000 feet abore the sammit. Cotopaxi, nearly 18.000 
feet high, has projected matter 6000 feet abo? e its suiniiiit ; and 
otice it threw a atone of 109 cobic yards in volume, to the dis* 
tance of nine miles. 

Descrip. Takinf^ the speeifie ^Tily of lara at 2.8, the following 
Table will fhow the force requisite to cause it to flow over the tops of 
the BCTeral Tolcanoi, whoee names are given; with their height above 
the sea. The initial velocity which such a force would produce, is also 
giren in the iBst column. 



»t«a 



Name. 



9 



Height 
in feet. 



' prce ex- 
erted upon 
the 'Lava. 



Initial ve- 
Iccity per 
second. 



8tromboli, (highest peak,} 2168 

Vesuvius, •3874 

Jorullo, Mexico, .3048 

Hecla, Iceland, ., 5106 

£tna, 10892 

Teneriffe, ]3<I64 



176 Atmospheres. 371 feet. 

314 496 

319 503 

413 , 57e . 

883 833 

liood siiB 

IIM r66 

1435 1062 

1465 1073 

1493 1104 



' Mouna Kea, Sandwich Islea. 14700 

' Popocatapetl, Mexico, 17713 

MmintEiiss, 18079 

Cotopaxi, Quito, 18869 

'• ■ ' . ■ 

Remark* There can be. little 4oabt but the chimney of a .volcano ex- 
tends generaHjr as much below the level of the sea, as it does above ; 
and often probably fifty times as deep : so that the actual force pressing 
il|Km the tava in its reservoir, may- be f^r|greater than the second coK 
uaia of tha preceding table represents : and the initial velocity much 
frealertkan. in the third: column. 

Descrip, The amount of melted matter ejected from Vesuvi- 
us iathe eruption of 1737, was estimated at 11.839.168 cubic 
yards: and in that in 1794, at 22.435.520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In 1660, the amount of lava was 20 times 
greater than the whole mass of the mountain ; and io 1669, when 
77.000 persons were destroyed, the lava covered 84 square miles. 
Yet the greatest eruption of modern timea waa from Skaptar 
Jokul iu Iceland, in 1783. Two streams of lava flowed in op- 
posite directions ; one of them 50 miles long and 12 ■ broad ; 
and the other 40 miles long and 7 broad : both having an aver- 
age thickness of 100 feet : which was sometimes increased to 
500 or 600 feet. Twenty villages and 9000 inhabitants were 
destroyed. LyelTs Principles of Geology, VpI. 1,^.343, 

^ew Islands formed hy Volcanic Agency, 

Descrip, History abounds with . examples of new islands ria- 
Jiig gut Qf the sea, bj vojcapic action. Such were Delos, 
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Rhodes, and the Cyclades, situated in the Grecian Archipelago, 
and described by Pliny the naturalist, and other ancient writers. 
In more modern times, small islands have risen in the Azore 
Group r such as Sabrina in 1811, which was 300 feet high, and 
a mile-in circumference : but after some months it disappeared : 
another in 1720, was six miles in circumference. In 1707 the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Just before the great eruption of Skaptar 
Jokul in Iceland in 1783, a new island appeared off the coast; 
which, however, subsequently disappeared. In 1796, a new is- 
land rose to the height of 350 feet; having two miles of cir- 
cumference, in the Aleutian Group, east of Kamtschatka, 
which is permanent. In 1806 another permanent island rose 
in the same vicinity ; four geographical miles in circumference. 
In the same archipelago, in 1814, another peak arose, which 
was 3000 feet high ; and which remained standing ayear after* ^ 
wards. In those cases where the cone does not sink back be- 
neath the sea, it is probably composed of the more solid lavas» 
such as trachyte, or basalt. So late as 1831, a new island ap- 
peared near Sicily, in the Mediterrenean, rising to the height 
of 220 feet, and after exhibiting volcanic phenomena for some- 
time, it disappeared. Girardin Ccn$ideration$y Sfc, sur hs Vol* 
cans, p, 31 — PouUtt Scrape* s Considerations on Volcanes, p. 
172, London 1825 — LyelTs Principles of Geology, VoL l,|i. 
388, BakewtUs Geoh^y^p.^l. 

Remark. 1. In some instances the islands thus raised, are compoted 
mainly of the rocks which form the bottom of the sea ; and which has 
been upheaved ; as the island of New Kamenoi near St. Erini, whick 
rose in 1707, and which was eoniposed partly of limestone and coversfl 
with living shells. 

Remark. 2. These islands are not always raised to their full hpightby 
a single paroxysm of the volcanic force ; bi^t by a succession of efforts 
for months and even years. 

Descrip, Very many large islands appear to be wholly, or al- 
most entirely, the result of volcanic action ; and to be composed 
chiefly of lava and rocks upheaved by volcanic action ; such as 
sandstone and limestone : Ex. gr. the Sandwich Islands : of 
which Hawaii, the largest, contains 4000 square miles of sur- 
face, and rises 18.000 feet above the ocean : TeneriSe, 13.000 
feet high : Iceland, Sicily, Bourbon, St. Helena^ Tristan d'Acun«* 
ha, the Madeira, Faroe and Azore Islands ; a great part of 
Java, Sumatra, Celebes, Japan, &c. 

Character of Molten Lava. 

Descrip. Laya in general is not very thorou^hl^ Tfik^v^\\ ^k^ 
that when it moves in a current oiieit XYie cioxmAi'^ ^na vAswk Vs«x^ 

ie» 
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walls of considerable height, and a crust soon forms over its 

surface, which serves still more to prevent its spreading oi/t 

laterally. 

Remark. Hence a lava carrent maj be deflected from its coarse by 
breaking away its crust on one side : and in this wav it has sometimes 
been turned away from towns that were threatened by it. In one in- 
stance, the inhabitants of Catania attacked a lava carrent and tamed it 
towards Paterno; whose inhabitants took up arms and arrested the op- 
eration. LyeWs Geology, Vol. 1. p, 337 

Descrip, The crust that forms upon lava soon becomes a 
good non-conductor of heat ; and hence thS mass requires a 
long time to cool : ex. gr. the case of Joruilo in Mexico, 1600 
feet high, which was ejected almost 100 yenrs ago, but \% not yet 
cool. The lava throwu out of Etna in 1819, was in motion, at 
the rate of a yard in a day, nine months aftftr the eruption : 
(Scrape an' Vo/canos, p, 101.) and it is stated that lava from 
the same mountain, at a previous eruption, was in motion af>pr 

the lapse of lO years. De La Becke's Thearetirnl Geology, p.\X^. 

Remark. This explains a curious fact. In 1828 a mass of ice was 
Tpqnd on Etna, lying beneath m current of lava. Probably before this 
flowed over it, the ice might have been covered by a shower of volcanic 
ashes ; which are m good non-con Juctor of heat \ and might prevent the 
immediste meUfn|r of it; while thf> superimposed lava has preserved it 
f^om the period or its eruption to the present. 

Descrip, When lava is. thrown out upon the dry land, with 
only the pressure of the atmosphere upon it, it is apt to become 
vescicular and scoriaceous : But when cooled slowly and under 
great pressure, it becomes compact and may be even crystalline. 

Vokanos constantly Active, 

Descrip'/ A few volcanic vents have been constantly active 

since (bey Were first discovered. They always contain lava in 

a state of^U^l)ition; and vapors and ^ascs are constantly 

escaping. _ 

Example 1. Strorabpli one of the Lipari Islands has been observed 
longer probably than any volcano of this class : and foj- at least 2000 
years it has been unremittingly active. The la^a here never flows over 
the top of the crater : though it is sometimes discharged through a fis* 
sure into the sea, killing the fish, which are thrown uj>on the shor^ 
ready cooked. It is said to be more active in stojmy than in fair weath- 
er ; likewise more so in winter than in summer : A fact explained by 
the different degrees of pressure exerted by the air upon the lava at dif- 
ferent times. When the air is light, the internal force predominates : 
but when heavy, it restrains the energy of the volcano. 

Ez 2. In lake Nicaragua is a volcano which is constantly burning. 

Villarica in Chili, so high as to be seen 150 miles, is never quiet. The 

same is said to be the case with Popocatepetl, in Mexico, which is 

nearly 18.000 feet high. Ever since the coaqinest of Mexico it has been 

pouring forth smoke, Girwrdim* a dmndetolvna ^ if€* p. 186. 
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Et. 3. Biit the mast remnrkable Tolcnna on the globe ia 
ihHt of Kirauea in the Sandwich Islanda, on Hawaii; for 
the firs! accurate account of which we are indebted to Amer- 
ican Missionaries. (American Jour, of Scienrt, Vol. 11, p. I, 
and 332.) Ror. Messrii. Stewart and Ellis, the tirat an Amer- 
ican, and the latter an English Missionary, have both given us 
most graphic and thrilling deticriptioiis of it. It appears to be 
situnted upon a phin 8000, or 10,000 feet above the ocean; 
and at the foot of Mouna Roa. In approaching the crater, it 
V necessary to descend two steep terraces, each from 100 lo 
290 feet high, and extenrtingeiitirely around the volcano. The 
outer one ia 20 and the inner one 15 milen in circumference ; 
and they obviQUKly form the margin of vast craters, formerly 
existing. Arrived at the margin of the present crater, the 
observer has before him a crescent shaped guif, 1590 feel deep ; 
at whose bottom, which is from 5 to 7 miles in circnmference, 
the top being from 8 to 10, is a vast lake of lava, in some part* 
molten, in olhers covered wiih a crust ; while in nuiaerous 
places (some have noticed as many sh 50 at once,) are small 
cones, with amoke and lava issuing; out of them from time to 
time. Sometimes, and especially at night, such masses of lava 
are forced up, that a lake of liquid fire, not less than two miles 
in circumference, ia seen dashing up its angry billows,'and form- 
ing one of the grandest and most thrilling objects that the iin- 
agin-iiion can conceive. Fig. 100 is a view of this volcano takeu 
by Mr. Ellts. 

rig. lOO. 
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Seat of Volcanic Power. 

Prin. Volcanic power must be deeply seated beneath the 
earth's crust. 

Proof 1. The melted lava is forced out from beneath the 
oldest rocks ; as gneiss and'granite : for masses of these rocks 
are frequently broken off and thrown out. 2. Lines or trains 
of volcanoes indicate some connection between the vents, and 
the great length of these lines, several thousand miles in some 
instances, can be explained only by supposing that the fissure 
or cavity by which the connection is made, must extend to a 
great depth. 3. When in 1783, a submarine volcano, on the 
coatt of Iceland, ceased to eject matter, immediately another 
broke out 200 miles distant, in the interior of the island. 4. 
Were not the power deep seated, volcanos would become ex- 
hausted ; as they sometimes throw out more matter at a sin- 
gle, eruption, than the whole mountain melted down could 
supply. 

Earthquakes, 

Descrip. Earthquakes almost always precede a volcanic 
eruption ; and cease when the lava gets vent. 

Inference. 1. Hence the proximate cause of earthquakes is 
obvious : viz. the expansive efforts of volcanic matter, confinea 
beneath the earth's surface. 

Inference 2. Hence too the ultimate cause of volcanos and 
earthquakes, is the same ; whatever that cause may be. 

Descrip, Earthquakes are said to be preceded by great irreg- 
ularities of the seasons ; by redness of the sun, haziness of 
the air, violent winds, succeeded by dead calms, and the 
like ; but it is doubtful, whether these precursors be not more 
imaginary than real. That elective matter, or inflammable grs, 
or fire, should issue from the soil -with mephitic T9por8; that 
noises, like the trundling of carriages, and the discharge of ar- 
tillery should be heard from beneath the ground, that something 
like sea sickness should be experienced ; and that animals 
should show greater alarm than men, are all easily l>elieved ; 
because they are effects naturally resulting from the known 
phenomena. 

Descrip. During the paroxysm of the earthquake, heavy 
rumbling noises are heard ; the ground trembles and rocks ; 
fissures open on the surface, and again close ; swallowing up 
whatever may have fallen into them ; fountains are dried up ; 
rivers are turned out of their courses : portions of the surface 
areeleratisd and portions depressed ; and the sea is agitated and 
ibrowa into rast billows. 
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Rer. Mr! Parkor has described a remarkable sabsfdencejSO miles in 
U'Dgth, and a mile in width, just above the fallff in Colombia river. 
Through this whole distance the trees are standing in the bottom of the 
stream, at an average depth of 20 feet: onlj that part of them abovo 
high water mark being broken off. He could discover no evidence that 
this tract had separated from the bank of the river. But the whole 
region appears to be one of extinct volcanos and the river passes through 
hilll and walls of basalt and most probably this is a case of subsidence* 
from an earthquake. The banks are too high and rock j to admit of the 
explanation that a lake has been formed by the river cutting through 
its tcveef and overflowing the adjacent low ground, whereby, along toe 
Mississippi a lake with trees standing in it, is *sometimos produced. 
Parher't Erptoring tour beyond the Rocky Mountains^ p. 132. 

The most extensive elevation of land on record by means of earth- 
qnakes, took pHce on the western coast of South America in IdSS. 
The shock was felt 1200 miles along the coast : and for more than 100 
miles, the coast was elevated from 3 to 4 feet; and it is conjectured that 
an area of 100.000 square miles was thus raised up. This case, ori^n- 
ally noticed by Mrs. Graham, and subsequentljr' by Dr. Meyen and Mr. 
Fr(*yer, Ins excited a great deal of discussion among ISuropean geole« 
gisti : nor can it yet be regarded as absolutely settle^d : For Mr. Gum- 
ming, an able naturalist, who resided at Valparaiso at the time of the 
earthquake, fwhose greatest power was exhibited there,)- says that th* 
spring tides rose to the same height upon a wall near his house after' 
the event as before. LytWs Principles of Geology, Vol. 1. p. 380. 

Remark. 1. In estimating the permanent effects of earthquakes, it 
ought to be recollected that the ohanges of level which they produce 
are oilen restored to their orginal slate, after the lapse of a few months 
or years. This is especially true of elevations. 

Remark 2. The number of earthquakes is probably ibont the same aa 
that of volcanic eruptions, viz. about 20 annually. 






Vertical Movements of Land without JEartkquakes,' . 

Descrip, It seems to be pretty well established, that Tari9\is 
pnrtH of otir present continents are subject to vertical mo¥e- 
inents^ ailher of elevation or depression, or of both, in alterna- 
tion ; aad that too in districts not kiiown to be^ subject to the 
action of earthquakes, or of volcanic agency in any form.^ 

Er.nmplt9. 1. The must certain example of elevation of an extensive 
tract of country in comparatively recent timea^ it that of the northern 
aliores of the Baltic, investigated with great ability by Von Buoh and 
Lycll. Some parta of the coast appear to have experienced no vertical 
iiii'veiiient. But from Gothenberg to Torneo, and from thence to North 
Cape, a distance of more than 1(H)0 geographical miles, tlie country ap- 
pears to have been raised up from 100 to 200 feet above the sea. The 
breadth of the region thus elevated is not known, and the rate mt which 
the land rises ^in some pliices towards 4 feet in a pentnry) it different 
in different places. The evidence that such a movement is taking 
place, is principally derived from the shelli of mollusca now living in 
the Baltic, being found at the elevations above named ; and some of the 
burnacleii attached to the rocks. They have been discovered inland in 
one inMtunce 70 miles. {Lye! Cs Principle* of Geology fol.l. p. A'S7,) 
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2. Sereral examples arc quoted in England of elevated aea beaches with 
the remaina of shells ; such as now occur in the ocean. Also in Italj ; 
at the Cape of Good Hope ; and in the West Indies. But I may be per- 
mitted to doubt whether some of these cases are not rather to be ex- 
plained by (he depositions of the slowly retiring diTuvial waters; which 
ms in another place we have seen, did deposit clay and sand of great 
thickness. Tet Prof. Phillips says, that in most of the cases under consid- 
tion, the sea shells occur beneath, the diluvial dejposit. If so, must it 
not be quite difficult to distinguish the formation from the most recent 
tertiarv ? 3. On the margin of Lubec Bay, in the state of Maine, Dr C. 
T.Jackson describes a deposit of recent shells, in clay and mnd, with 
the remains of balani attached to the trap rock, 26 feet above the pres- 
0ent high water mark. (First Report on the Geology of M^-inCj p. IS.) 
4. A remarkable case of subsidence seems pretty well establisned as 
having occurred oh the coast of Greenland for a distance of 600 miles 
nortH ahd south. {LyeWs Principles of Geology ^ Vol. 1. p. 446.) 5. The 
history of submarine forests furnishes another example of subsidence. 
But this phenomenon deserves a fuller xlescription. 



Submarine Forests, 

Descrip. On the shores of Great Britian, France, and the 
United States, usually a few feet beneath low water mark, there 
occdr trees, stumps, and peat, seeming to be ancient swamps, 
which have subsided beneath the waters, sometimes to the 
depth of 10 feet. In many cases the stumps appear to stand in 
the spots where they originally grew ; yet it requires great care 
to ascertain this fact. For localities^ see De La Beckers Man' 
ual, p, 151. ' Lyelfs^ Principles of Oeohgtf, Vol, I. p, 250 and 
Vol, 2. p, 140. Report on the Geology of Massachusetts, p, 124. 

Origin of Submarine Forests. It is probable that this phe- 
nomenon results from several causes. 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the sofl spongy matter of the swamp, sufficient to bring 
it under water. 2. From a case which I have described on 
Hogg Island, in Casco Bay, (Boston Journal of Natural Hist" 
orj/, Vol, 1.J9. 338.) I have inferred that some submarine 
forests may have been produced by the gradual removal of the 
contents of a peat swamp, by the retiring tide, after the barrier 
between it and the ocean has been removed so as to form a 
slight slope into the sea. At the spot referred to, the process 
may be seen partly completed. 3. But probably most subma- 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to have operated on the earth's 
surface : and the explanation of which will be better understood 
after the statement of more facts relating to igneous agency. 
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Thermal Springs. 

Descrip, Hot Springs are very common in the Ticinitj of 
volcanos : such as the well known Geysers in Iceland. Some 
of these are intermittent, probably in consequence of the agen- 
cy of steam within subterranean cavities. The Great Geyser 
consists of a basin 56 by 46 feet in diameter ; at tlie bottom of 
which is a well 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with water in a state of ebullition : but occa- 
sionally an eruption takes place, by which the water is throviTi 
up from too to 200 feet, until it is all expelled from the well, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution ; as do those of the Azore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that certain rivers and lakes possess the 
power of rapid petrifaction. 

Descrip, Thermal springs are not confined to the vicinity of 
volcanos. They occur iu every part of the globe ; and rise 
out of almost every kind of rock. They frequently contain enough 
of mineral substances to constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbonic acid, nitrogen, oxygen, sulphureted hydro- 
gen, &c. in a free state. 

Theory of Thermal Springs. When these springs occur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heat- 
ed by the volcanic furnace below, and impregnated with salts 
and gases by the sublimation of matter from the, same focus 
Dr. Daubeny, who has devoted great attention to this subject, 
has also endeavored to show that the thermal springs not in vol- 
canic districts, in a large majority of cases, rise either from 
the vicinity of some uplifted chain of mountains, or from clefts 
and fissures caused by the disruption of the strata ; and there- 
fore, in all such cases are probably the result of deep seated 
volcanic agency, which may have been long in a quiescent 
state. If this view of the subject be not absolutely proved, 
it is at least extremely probable. Report on Mineral and Ther- 
mal WcUerSf hy Prof. Dauheny, 1836, p. 62. 

Extinct Volcanos. 

Descrip, Many writers maintain that there is a marked dif- 
ference between the matters ejected from active and extinct vol- 
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canos. It is said that the more modern lavas hare a harsher 

feel, are more cellular, and more vitreous in their appearance, 

and also less feldspathic than the ancient. {Girardin^s Con* 

nderations Sur les Vplcans p, 13. De La Beckers Manual p, 

136.) But it is doubtful whether any character will satisfacto- 

rily diatingaish them, except the period of their eruption. 

Descrip. The extinct vol canos are of very different ages. 

Some of them were active during the tertiary period, some 

during the diluvial epoch; and some since that period. The 

lava, especially in the most ancient, was not always ejected 

from conical elevations, so as to form regular craters, but along 

extended fissures. In some instances, as in a mountain called 

the Puy de Chopine in Auvergne, which stands in an ancient 

crater, and rises 3000 feet ahK^ve an elevated grantic plain, it* 

self about 2800 feet above the sea, there Is a mixture of tra* 

chyte and unaltered granite. 

Examples. The extinct volcanoe of Auvergne, and the vouth of 
France have loBg excited deep interest; and have been fully illustrated 
by Scrope, Bakewell, and others. I9ear Clermont, the landscape has 
at decidedly m volcanic aspect as in any part of the world ; of which 
Fig. 104 will convey some idem. 

Fig. 104. 




Extinct Foleano : Auvergne. 



2. Kztinct volcanos exist also in Spain, in Portugal, in Germany, 
along the Rhine, in Hungary, Transylvania, in Styria and in the vicin- 
ity of the Dead Sea in Palestine. There is reason to believe that the 
southern part of this sea occupies the site of the five ancient cities^ 
Sodom, Gomorrah, Admah,'Zeboim, and Zoar, that were destroyed- 
according to the Sacred Scriptures, at an early period. Such a lake, as 
we have seen, charged with saline matter, is not unfrequently the re 
suit of a volcanic eruption ; and if Dr. Henderson's translation of Jobr 
22. 15 to 20 be correct, it is rendered probable that these cities were de- 
stroyed by volcanic agency. 

" Hast thou observed the ancient tract 

That was trodden by wicked mortals, 

Who were arrested on a mlden ; 

Whose foundation is a molten flood ? 

Who said to God, depart from us, 

What can Shaddai do to us ? 

Though he had filled their houses with wealtk« 

20 
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/(Fav from me be the counsel of the wicked !) 
The righteoas beheld and tejoiced, 
The innocent laughed them to acorii : 
Surely their anbstance was carried away, 
And their riches deroured by fire." 

Rem. Professor E. Robinson and Rev. Eli Smith, who 
have recently made very interesting researches in the vicinity 
of the Dead Sea, have proposed a somewhat different and inge- 
nious theory, to explain the mode in which the cities of the 
plain were destroyed. They suppose that plain to have been 
underlaid with a vast deposit of bitumen, like the asphaltum 
lake of Trindad ; in proof of which they quote the account of 
the Slime pits (literally wells o^ asphaltumyin Genesis 14: 10. 
and 11 : 3. This asphaltum, the Lord by means of lightning, 
set on fire : and thereby consumed the cities and sunk the lev- 
el of the plain so that the sea flowed over it. See an inieresi' 
ing article on this subject, in the American Biblical Repository 
for January y 1840, p. 24 .- Also Objections to this theory by Dr, 

Lee: Same work for April 1840, p. 324. 

3. According to Professor Parrot, Mount Arrarat in Asia, is an ex- 
tinct volcano. A specimen sent me by Rev. Justin Perkins from that 
mountain is decidedly vesicular lava. 

4. A largre proportion of the lolly peaks of the Andes and the moon*> 
tains of Mexico belong to the class of extinct volcanos : and it is very 
probable, from thestatementsof Re v. Mr. Parker and others,! hat a vast re- 
gion between the Rocky Mountains and the Pacific Ocean is of the same 
character. For although he describes the prevailing rock as basalt, and 
only incidentally alludes to volcanic cones and craters, yet in personal 
conversation he assures me that regular craters are not unfreqaent; 
and having shown him specimens of trachytes from the continent of £u- 
rope, he at once identified them with rocks found associated with th« 
basalt of that region. 

Descrip. The size of ancient volcanic cones and craters 
was often very large. 

Examples. In the middle and southern parts of Prance, extinct vol- 
canos cover several thousand square miles. Between Naples and Cu- 
mea, in the space of 200 square miles, according to Brieslak, are 60 cra- 
ters; some of them larger than Vesuvius. The city of Cumea ha^ 
stood 3000 years in a crater of one of these volcanos. Vesuviup 
stands in the midst of a vast crater, whose remains are still visible, 
called Somma. The volcanic peak of Teneri fife stands in the center of 
a plain, covering 108 square miles, which is surrounded by perpendicular 
precipices and mountains, which were probably the border of the an- 
cient crater. According to Humboldt, all the mountainous parts of 
Quito, embracing an area of 6300 square miles, may be considered as 
an immense volcano, which now gets vent sometimes through one, and 
sometimes through another of its elevated peaks ; but which must 
have been more active in former times, to have produced the results now 
witnessed. We have seen that the great volcano of Kirau^*> oi> the 
Sandwich Islands, is surrounded by two circular walls, one 15 and the 
ether 20 mWen in circumference ; which must have marked the limits 
of the crater in early times. 
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Inference. From such facts it has been inferred by many 
geologists, (ex. gr. Poullett, Scrope, Bakewell, Phillips, Brong- 
niart, Girardin, &.c.) that volcanic agency in early times was 
more powerful than at present ; and that it is gradually dimin* 
ishing. Mr. Lyell, however, considers this view as entirely er- 
roneous; and quotes the eruption from Skaptar Jokul, in 1783, 
as equalling any that is known to have occurred in ancienl 
times. Lyeirs Principles of Geology^ Vol, 1 . p, 345. 

The Older Unstratified Rocks. 

Remark. So rapid has been the change of opinion respecting the ori- 
gin of the unstratified rocks, that from an almost universal belief in 
their deposition from water, geologists are now nearly or quite unani* 
mous in ascribing them to igneous agency. A brief summary of the 
arguments that sustain this latter opinion, will be, therefore, all thM i« 
now necessary to present. 

Prin. The different unstratified rocks appear to be the re- \ 
suit of volcanic agency exerted at different periods under differ- ' 
ent circumstances. 

Proof 1. Identity of litkological characters between recent 
lavas and several varieties of unstratified rocks. The amygda- 
loids of the trap rocks often exactly resemble those vesicular 
lavas which are cooled in the open air : while the compact trap 
rocks can scarcely be distinguished from the compact lavas of 
submarine production. Some varieties of trachyte very much 
resemble granite ; and the two rocks often pass insensibly into 
each other ; so that it is difficult to say whether trachyte be^ 
melted granite, or a portion of the materials out of which gran- 
ite was originally produced, cooled in a different manner. 

Proof 2. The insensible gradation of the different unstrati' 
fied rocks into one another. In the same continuous mass we find' 
a gradual passage from trap into all the other unstratified 
rocks ; so that the same general cause that produced one varie- 
ty, must have produced the whole. It is very rare, however, 
that coarse granite, destitute of hornblende, graduates into trap 
rocks of the same age. In general, they appear to have been 
formed at different epochs. Macculloch's System of Geology, 
Vol, 1. p. 157. 

Reinark. It must not be inferred from this statement, that all th« 
unstratified rocks have resulted from the sam^ melted mass, cooled un- 
der different circumstances : For the difference in their chemical com- 
position is too great to admit of snch a conclusion. See Section 4, p. 78. 

Proof 3. The mode of occurrence of the unstratified in re- 

lation Jo the stratified rocks. We have seen, (Section IV.) 

that the former exist as protruding, intruding, and overlying 

masses, and occupying veins in the latter. Now these are the 

precise modes in which recent lava occurs when connected 

with stratified rocks : whereas no example can be produced vsk. 

which rocks have been made tQ l^W^\\vt«ft ^^^^^M ^^^^^"^^ 
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ajency. Indeed, it is difficult to conceire how ihia would be 
poMible. 

Proof. 4. The columnar siruciure of the trap rorks. This 
Dtructure is not unconiraon in Istss. The eitpennient nf Ur. 
Wsit also, upon 700 pounds of melted basnlt, which on cool- 
ing SBSumed the colDiunsr form, si delniled in Section IV, con- 
firms this view : whereas no e](aliiple of such a structure from 
aqueous agency has e?er heen found. 

Proof. 5- The crystallitu struclurt of some of the unstrati- 
fied rocks. When several subslances are contained in an a<)ueous 
raenslruum, it is difficult to make them crystalize except in suc- 
cess ion ; whereas in granite the different ingredienis appear to 
have crystalized simultaneously. And if the materials of gran- 
ite, or of glass, be mellcd and slowly cooled, especiall]' under 
Kressurf, most if not all the ingredients will assume more or 
;ss of a crystalline form at tlie same lime. 

Proof. 6. The mechanical cfects produced' by the unstraiified 
upon thie stratifed rocks. In the vicinity of veins and irregular 
masses of the unstratified rocks, the stratified onea are bent and 
twisted in everj coaceirablc manner, and sometimes broken en- 
tirely. Not unfrequently also, fragments of the alralified rocks 
are broken off and entirely imbedded in the veins of the unstrat- 
ilied. In almost every case an upward or a lateral force appeara 
(o have been exerted ; showing that the veina were filled from 
beneath. For examples. See Macculloch's Geology of Qltn Tilt 
in the geological Transactions. Also his Otology of the Weslent 
Islands. Also Report on the Otology of Massachusetts, p. 414, 
416, 418, 464, 4>c. Pig. 105 below, shows a vein of green- 
stone, or indurated nacke, passing through a ledge of sand* 
stone near New Haven, on the road to Middletown, the aanil- 
■tone being bent upwards. Fi^. 106 is a view of a hill in Ack- 
worth, PJ. Hampshire, through which an enormousvein of gran- 
ite passes, whereby the hornhleode alate has been much bent 
and contorted, This is a famous locality for beryls, rose 
quartz, and crj^slalized mica. 

Fig. 105. 





proof. 7. Tht ckanical effects produced upon the strtaifiett 
rocks by the emtaet of the unstratified. These effects btb pre- 
cisely the same as thnse produced by dykes of recent la- 
va. Thus, compact rossiliferoiis limeaione and challt, whera 
dykes of trap rocks, porphyry, and granite, pass through them, 
are changed into crystalline limestone ; shale and sandstone ara 
indurated and converted into siliceous slate, or jasper ; as at 
Nahanl, Mass, Newport, R, Island, and Rocky Hill near Hart^' 
ford, Ct. : micaceous sandstone and other slaty rocks are chanf- 
ed into mica slale, or hornblende slate. Noiv these nre ef- 
fects that could not result from any other agency wilh which 
we are acquainted except heat. And in respect to chalk, an 
experiment of Sir James Hall is decisive. He confined some 
of it in a strong iron luhe, and subjected it lo a strong heat^ 
which, liberating the carbonic acid, produced a powerful presst 
ure, and the result was crystalized carbonate of lime. Salc» 
wiirs Geology, p. 146. 

Objection. The older unstratified rocks present no exampla 
of a volcanic cone or crater. 

Reply I. They appear in general to have been produced by 
a force acting along extended lissurea, and not directed lo par-, 
ticularfoci. S. If these cones and crater* once existed, lh« 
poiverful denuding agencies that bate operated on the globe 
may have destroyed ihem. .. . 

JPrtx. The greater degree ot ftTj«liY\ia!U(»L v^ >!q» A4aa •a.^r 
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Stratified rocks, may be explained, by supposing a more perfect 
fusion of the materials than in recent lavas, and greater slow- 
ness in cooling, under perhaps the more powerful presence of a 
deep ocean. 

■ 

Tetnperaiure of the Globe* 

Prin. The principal circumstances that determine fhe tem- 
perature of the globe and its atmosphere, are the following : 1. 
Influence of the sun. 2. Nature of the surface. 3. Height 
above the ocean. 4. Temperature of the celestial spaces 
around the earth. 5. Temperature of the interior of the earth, 
independent of external agencies. 

1. Solar Heat, The Solar rays exert no influence as a general 
fact, at a greater depth than about 100 feet. (Baron Fourier 
mentions 130 feet as the maximum depth : Poisson fixes it at 76 
feet. Am. Jour, Science, Vol, 32. p, 5. and Vol, 34. p, 59.) A 
therroomfiter placed at that depth, remains stationary all the year. 
The diurnal efiect does not extend more than 3 or 4 feet. In 
teceding from the tropics, the amount of solar heat diminishes. 
During six months it continues to increase, and to diminish the 
remaining six months. The decrease of the mean temperatiire 
from the equator towards the poles, is nearly in the proportion 
of the cosines of latitude. Prof. Forbes has recently made some 
observations near Edinburgh, from which it appears that the 
oscillations of annual temperature would cease at the depth of 
49 feet in trap tufa, 62 feet in incoherent sand, and 91 feet in 
compact sandstone. American Journal of Science, Vol, 38, 

p. 109. 

Remark, 8olar heat is the fundamental element on which depends 
the surface temperature of the globe and the character of the climate. 

Prin, The amount of solar heat is actually though very 

slightly diminishing in consequence of a change in the excen- 

fricity of the earth's orbit. The possible amount of this di- 

iDination is not known, because the limits of :he excentricity of 

that orbit are not known : fiut there is no probability that the 

annual temperature ever has changed or ever will change from 

this cause more than 3*^ or 4**. {Am, Jour. Sci.Vol, 36. jo. 332.) 

Hence this cause is insufficient to account for the extra-tropical 

beat of the present cold regions of the earth in early times. 

2. Nature of the Surface, The radiating and absorbing power 

of land is quite different from that of water. Ice and snow are 

still more different ; and the nature of the soil affects sensibly its 

power to imbibe or give off heat. Hence low islands have a 

higher temperature than larger continents in the same latitude ; 

aad the ocean possesses a grealet uti\^oT\xi\\.^ o^ ^\\\cai^ ihaa 

the land. 
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Remark. On these facts Mr. Ljell has foanded an hypothesis for ex- 
plaining the high temperature of the surface of the elobe in northern 
latitudes in early times. He supposes that but little land then existed 
in the northern parts of the globe, and that this produced so great an 
elevation of temperature, above what it is at present, that tropical plants 
and animals might then have inhabited regions now subjected to almost 
perpetual winter. That the quantity of dry land in the northern hemis- 
phere during the deposition of the older fossiliferous rocks was much 
less than at present, is very probable ', and that this would render the 
climate warmer and more uniform is made certain by comparing the 
climnte of Great Britain with that of the United States. But that from 
this cause the climate of Canada, of the North West Coast of America, 
between 60*^ and 70® of North Latitude, and even of Greenland and 
Melville Island, where the thermometer now descends to 58^ beloyv zero, 
was so mild and uniform as to produce tropical ferns, lepidodendra, Slc, 
is a position which will need strong proof ; especially when we recollect 
that for several months annually they must have been most of the tim^ 
in darkness. Those, however, who wish to see this hypothesis ably de- 
fended, may consult LyeWs Principles of Geology, Vol. I. p. 110, fyc, 

3. Height above the Ocean. The temperature of the air 
diminishes one degree (Fahr.) for 300 feet of altitude : tvro 
degrees for 595 feet : three degrees for 872 feet : four degrees 
for 1124 feet : five degrees for 1347 feet : and six degrees for 
1539 feet : Hence at the equator perpetual frost exists at the 
height of 15.000 feet, diminishing to 13.000 feet at either tropic. 
Between latitudes 40*^ and 59'=', it varies from 9000 to 4000 
feet. In almost every part of the frigid zone this line descends 
to the surface. These results, however, are greatly modified 
by several circumstances : so that in fact, the line of perpetual 
congelation is not a regular curve, but rather an irregular line 
descending and ascending. American Journal of Science, Vol, 
33. p, 52. Introduction a la Geographic Mathematiqe et 
Physique, Par, S, F. Lacroix, p. 289. 

4. Temperature of the Celestial Spcices around the Earth, 
—This cannot be much less than the temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observed on the 
globe, (at Melville Island,) is 58*^ below zero : and this has 
been assumed as the temperature of the planetary spaccw. 
Hence it follows that there must be a constant radiation of heat 
from the earth into space. 

5. Temperature of the Interior of the Earth, Ind^emknt 

of External Agencies, 

Prin. In descending into the earth, beneath the point where 
it is affected by ihe solar heat, we find that the temperature 
regularly and rapidly increases. 

Proof 1. The temperature of Springs xoMcK-Uwit JtvhwIlIia 
rocks in mines, as shown in the following Table. 
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TemperatHre of Springs in Mines. 



COUHTRIXS. 



mifxs. 






Lead and Silver Mine of 

Junghohe Birk. 

do ot Beschertglttcky 

do do 

do Himmelfahrty 

do Kuprinz, 

do Pouliauen, 

do do 

do do 

do Haelgoet, 

do . do 

do do 

do do 

Dolcoath Mine, 
GuanazatOy Silver Mine. 



a ^ 



9t it 9i 






Sftzony, 



Brittany, 



Cornwall, 
Mexico. 



256 


48*9 


46.9 


713 


54.5 


46.4 


840 


56.8 




735 


57.9 




634 


80.1 




128 


53.4 


52.7 


246 


53.4 




459 


58.3 




197 


54. 


51.8 


262 


59. 




394 


59. 




755 


67.5 


• 


1440 


82. 


60. 


1713 


98.2 


68.8 



102.4 
87. 
80.7 
63.9 
18.8 

182. 

351. 
82. 
89.5 
36.4 
54.7 
48.4 
45. 
45.8 



Proofs. Temperature of the 
the following table. 



Rock in Mines ; as shown in 



COVHTRIXS. 


MINXS. 


it 


• 

o . 


n tenp 
a rfaoe. 


pth for 

legree. 
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«;fe 


m m 


^1 






O 




So 


Q S 
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1. In loose matter near the face qfthe Roek. 
United Copper Mines, > 
Coal Pit of Ravin, 



Cornwall, 
Carmeaux ) 
France. ) 



Littry, do. 

Decise, do. 

do do. 



do of Castellan, 
do of St. Charles, 
do of St. Jacobi, 
do do 



1142 


87«.4 


50* 


1201 


oo. 




5^7 


62.8 


59 


630 


67.1 


52 


325 


61. 




351 


64. 




561 


71.7 





2. In the Rock near its surface. 

Saxony, Mine of Beschcrtgluck, 
do do 

do do 

do do 

do do 

do dq 

3. Three feet three inches within the rock. 



591 


52.2 




813 


59. 


46.4 


236 


47.7 




552 


55. 




880 


59. 




1246 


65.7 





Cornwall, 
Saxony, 



i 



Dolcoath Mine. Reg- ) 

ister kept 18 Months. ) 

Lead and Silver Mine ) 

ofKurpinz, y 

do 

do 



1381 

413 
686 



75.6 

59.6 

62.5 
^1.1 



50. 



i. 



30.5 
31.1 
55.3 

40.8 
36.1 
29.2 
28.5 

101 
67 

174.7 
63.7 
69.8 
64.4 



54. 

31.3 

4S.6 
49.9 
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la R coltierytt Wigan, in Lancaihire, England' at 150 feet ilppp,tha 
temperature wii cr>nitiiill;63' : M 450 feEt, it wa* 56** .75 : at 750teet 
it iFaa 63°. Thii woald five an iocreaae of one degree fot every 48 
feet. An. Jour, of Science, Vol. 3i. p. 36. 

A single experimeut in the deepeat coal mine in Great Britaia, near 
Sunderland, gave the following rraulu : Drpth of thir place of obsprra- 
lion, 1584 feet: belon the level ol the sea, ir>00 feet. Mean annual 
temperature at the turface, 47''.6 : Temperature on Ihe day ot obaer- 

-ion (Not. 15, 1834,) 49". Do. of ihe air at the liottoin of Ihe pit. 



Hi": 



o the c. 



. Do. 



-reollec 



1, 67" : Do. 



of ealt water iaauiugfrom a hnle made the same day, 70-1 : Do. of gaa 
rising through Ihe water, 72=6 : Do. of the front ot the con!, 68= : Do. 
of the aame.lefY in a bore bole for a week, 71^2. Hence, the heat in- 
creaseial tbe rate of about > degree for every 60 feet. 
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s^ 
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(^-sa 


Paria; Fountainde la Oar 




216 


51. =1 


55,-2 


5a.7 


Dept. du Garde et dea 


Pai Calaia 










Fguntain Arteiienne de 


Marguclle 


184 


50.5 


54,5 


46. 


Do. d-Aire. 




207 




550 


3B,3 


Do. de St. Venant, 




338 




57,2 


43, 


Sheernea., England, mo 


th ol Ibe 










Med way, 




361 


5(1.!) 


5!>,9 


401 


Tours, 




459 


53.7 


63,5 


42^ 


A well at La Bnohelle, 




3G!! 


53,4 


64.6 


33. 


Near Berlin, Pruaaia at. 




675 


4i>.l 


G7£6 


36,3 


Do. Ibe same nell at. 




5IG 




63.95 


34.7 


Uo. do at, 




3as 




63 82 


K.5 


Near New Brunswick, N 


Jer.ey,M 






i 




the depth, 




250 




5S.( 


73. 


Do- at, 




aii-i 




61.^ 




South Hadley, Mas., 




180 


47.0 


Hi/ 


36. 



Rem. 1. rfear Vienna !d Auilria are from 40 to 50 Arteiian Wetia, 
whole temperature varies from 52° to 58 ;° the mean temperature at the 
surface being S0.4 54, At Heilbronn in Wurlemburg, live wells lunk 
from 60 to 112 feet, htve a temperature of 55.° 

Rent, 2. Artesian wells have lately been applied with anoceai in Wnr- 
temburgh, lo prevent frost from stopping macbinely, whiuh was moved 
by running water ; and alao for warming a paper manuiactory. Wba 
knowa but thia application may prove of imnienae benefit to some re- 
gions of the globe ? Buckland't Bridgteattr TrcatUt, Vol. I, p. 567. 

Proof A. Thermai Spriiigt. Vast numbers of iheso (icciir in 
rpgians far removed from any modern volcanic action; ffpner- 
■llj upon loftj mountain ranges ; ta upon tbe Alfta, i.ti« 9-\\«roc- 
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ees, Caucasus, the Ozark mountains in this country, where are 
nearly 70, &c. Their temperature varies from about summer 
heat nearly up to that of boiling wnter. Nor can their origin 
be explained without supposing a deep seated source of heat in 
the earth. This argument is not indeed, as direct and conclu- 
sive as those previously mentioned. But it confirms the others. 
Proof S, The eristence of numerovs deep seated volcanos. 
This argument is of the same kind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase of internal tent" 
perature has ever occurred, where the ^eiperiment has heai made 
in deep excavations. 

Inference.. \i The increase of temperature from the surface of 
the earth downwards, does not appear to be at the same rate, in 
all countries. The mean of all the observations recorded in the 
preceding tables, which have been madie in England, gives 44 
feet for a change of one degree. In some mines in France the 
increase is much slower, and in a few it is faster. The mean is 
reckoned at about 45 feet for each degree. In Mexico, ac- 
cording to the only ob)<ervation given above, it is 45.8 feet. In 
Saxony it is considerably greater, not far from 65 feet to a de- 
gree. The few observations in this country given in the pre- 
ceding table, indicates an increase of 54 feet to a degree. 

Inference 2. The average increase for all the countries where 
observations have been made, is stated by KupflTer, to be 36.81 
feet for each degree. Edinburgh Journal of Sctmce, Aprils 
1832. 

Inference 3. At thi^ rate, and assuming the temperature of 
the surface to be 50*^, a heat sufficient to boil water would be 
reached at the depth of 5962 feet, or a little more than a mile : 
a heat of 7000*^, sufficient to melt all known rocks, would be 
reached at 48 miles : and at the centre of the earth, it would 
amount to 577.000"^. Cordicr*s Essay on the Tewptrature of 
the Interior of the Earth, Amherst, 1828, p. 73. MoffatVs 
Scientific Cltiits Book by Prof Johnson, Philadelphia, 1836^ 
Voi.2,p,^\\, 

Remark. It is has been thought by many, and probably with 
reason, that the rate of increase in the subterranean heat, aa 
deduced by Kupffer, is too rapid, ^rom careful observation 
upon the Artesian Wells of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 ieet : and from a 
more extended comparison given iji Jameson V Journal, (April to 
Jul^ 1839,) the mean iacrease is one degree for 53 feet : Per* 
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haps the rate of 45 feet to a degree, fixed upon by the British 
Association, ought to be considered the best hitherto obtained. 

Inftrence 4. From the preceding facts, and other collateral 
evidence, it has been inferred that all the interior of the earth, 
except a crust from 50 to 1000 miles thick, is at present in a 
state of fusion : that originally the whole globe was melted, 
and that its present crust has been formed by the cooling of the 
surface by radiation. 

Remark, Fig. 107 is intended to represent the proportion of 
melted and un melted matter in the earth, agreably to the above 
inference ; and on the supposition that the solid crust is 100 miles 
thick. This is shown by the broad line that forms the circum- 
ference. According to the mean increase of subterranean 
heat stated above, this crust should be only half as thick. 



Fig. 107. 




Proof, 1. Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain deptji, 
nothing but hypothesis can be adduced to prove that it does not 
go on increasing, until at least the rocks are all melted : for 
when they are brought into a fluid state, it is not difficult to see 
how the temperature may become more equalized through the 
mass, in consequence of the motion of the fluid matter ; so 
that the temperature of the whole may not be greatly above 
that of fused rock. Now if the. hypothesis of internal fluidity 
have other arguments (which follow below\ m \V& V^'^o^'t ^ h%\^^ 
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no facts of importance sustain its opposite, the former shotpld 
be adopted. 

Proof, 2. It appears from the experiments and profound 
mathematical reasoning of Baron Fourier, that even admitting 
all the internal parts of the earth to be in a fused state, except a 
crust of 30 or 40, miles in thicknets, the effect of that internal 
heat might be insensible, at the turlace, on account of the 
extreme'slowness with which heat passes through the oxidized 
crust. He has shown that the excess of temperature at the surface 
of the earth, in consequence of this internal heat, is not more 
than 1-1 7th of a degree, (Fahr.) nor can it ever be reduced 
more than that amount by this cause. This amount of heat 
would not melt a coat of ice 10 feet thick, in less than 100 
years : or about one inch per annum. The temperature of the 
surface has not diminished on this account, during the last 
2000 years, more than the 167th part of a degree : and it 
would take 200.000 years for the present rate of increase in the 
temperature as we descend into the earth to increase the tem- 
perature at the surface one degree : that is supposing the inter- 
nal heat to be 5QD times greater than that of boiling water. 
From all which it follows, that if internal heat exist, it has long 
since ceased to have any effect practically upon the climate of 
the globe. Annals de Chimie et de Physique No- 27. Ameri- 
can Journal of Science, Vol. 32. p, 1. Phillips^ Treatise on 
Geology, Vol 2. p. 275. 

Remark. These results of Fourier require the application of very 
profound mathematical investigations. And it may nay not be amiss 
to mention, that the late lamented Dr. Bowditch informed me, that he 
had folio wed. Fourier through all his intricate analyses of this subject ; 
and that the reasoning was entirely conclusive : nor did he consider his 
results at all invalidated by the papers of Prof. Parrot, which he had 
also read. Those of M. Poisson, in opposition to Fonrier, have appear* 
ed since Dr. Bowditch's death. 

Proof 3. The existence of 300 active volcanos, and. many 
extinct ones, whose origin is deep seated, and which are connect- 
ed over extensive areas. If these were confined to one part of 
the globe, or if after one eruption the volcano were to reinain 
forever quiet, we might regard the cause as local and the effect 
of particular chemical changes at those places, aided perhaps 
by electro-magnetic agencies. But if the internal parts of the 
earth are in a melted state, that is, in the state of lava ; and if 
'this mass were slowly .cooling, occasional eruptions of the mat- 
ter ought to be expected to take place ; just as in fact they do 
take place by existing volcanos. Assuming the thickness of 
the earth's crust to be 60 miles, the contraction of this envelope, 
oae J 3000th of an inch, would force put matter enough to form 
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one of the greatest volcanic eruptions on record. Moreproba-: 
biy, however, the percolations of water to the heated nucleus^ 
or other cause of disturbance^ more frequently causes an erup- 
tion th:in simple contraction. 

Other H^poihntB wf Volcanic Action^ 

Hypothesis of the MetalUnds. This hypothesis, originally pro- 
posed, though subsequently abandoned, by Sir Humphrey Da>- 
vey, supposes the internal parts of the earth, whether hot or ' 
cold, fluid or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with 
oxygen whenever they are brought into contact with water^ 
with the evolution of light and heat To these metalloids wa-' 
ter occasionally, percolates in large quantities through fissures 
in the strata, and its sudden decomposition produces an erup-;, 
tion. Dr. Daubeny, the most strenuous advocate of this theo- 
ry at the present time, has brought forward a great number of) 
considerations which render it quite prpbable that this cause 
may ofken be concerned in producing volcanic phenomena, even 
if we do not admit that it is the sole cause. Daubeny on VoW 
canos. 

Remark. 1. It is interesting to notice bow the hypothesis of central ' 
heat, or the Mechanical Theory of Cordier^as it is oflen' called ; and" 
this Chemical Theory of Daubeny, apply almost equally well to the ex*' 
planation of Volcanic phenomena.' Both agree as to the necessity of' 
water bein^ broQght in contact with a heated mass in the earth. Both" 
explain equally well the formation of Hpor, the extrication of gases,'* 
and the sublimation of sulphur, salts, &«. Both show whj volcanos' 
are usually in the vicinity of water; «vhj their action is intermittent, 
and why the volcanic power appears to have decreased in energy. The 
constaatljr active volcanos, especially such an one as Kiranea, are ' 
more difficult to explain by the chemical tHeory. It must also bs con- 
sidered a strong objection to this hypothesis, that silicnm, the most ' 
abundant of all the metalloids in the earth, *' is incombustible in air and 
in oxygen gas; and may be exposed to the flame of the blowpipe with- ' 
out fusing, or undergoing any other change.*' {Turner^ s ChemiHry, p, 
323.) and that aluminium, the most abundant metal in the earth next to 
silicum, " is not oxidized by water at common temperatures : though on ^ 
heating the water to near its boiling point, oxidation of the metal com-* 
mences :-^the oxidation however is very slight.'' {Turner ^ p. 316.) 

Remark 2. There is not necessarily any discrepancy between these two 
theories : for admitting even igneous fluidity in the earth, the nucleus 
may nevertheless be metals uncembined. Hence some distinguished 
advocates for the doctrine of central heat, have also adopted partially or ' 
wholly the other theory. Ex. gr. De La Beeke^ in his Theoretical 
Geology; and Frpfessor PkillipSf in his TreaHse on Geology in the En' 
cyclopedia Brittanica. 

Modified Chemical Theory, Some geologists have called in 
the aid of electricity to assist in the decom^sitioci^ ^\A\^<^^\cv- 
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positions that result from Tolcanic agency. By this means the 
temperature of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view ad- 
vanced by Mr. Lyell. {Principles of Geology ^ Vol. I, p. 440.) 
This hypothesis includes of course, as one of its elements, the 
earlier hypothesis of Lemery and others, who imputed yolcanic 
phenomena to the combustion of coal, bitumen, &c. and the 
decomposition of the sulphate of the metals. For an account 
of numerous modifications of opinion respecting the cause of 
volcanic agency, see Oirardin Sur les Volcans^p. 84. 

Proof 4. Tht Spheroidal Figure of the Earth. lu 
form is precisely that which it would assume, if while in a 
fluid state, it began to reyolre on its axis with its present ve- 
locity ; and hence the probability is strong that this was the ori- 
gin of its oblateness. But if originally fluid, it must have been 
Igneous fluidity : for since the solid matter of the globe is at 
present 50.000 times heavier than the water, the idea of aque- 
ous fluidity is entirely out of the question. 

Other Suppositions. 1. Some miintain that the earth was created in 
ita present oslate form. Thia is indeed poaeible ; became Grod could 
liaye giren it any form he pleased. Bat there is no proof that such was • 
the fact: while on the other hand, we ma? always assume that when- 
ever we can see natural causes for natural phenomena, they were pro- 
duced by those causes ; unless we can see some reason for special Di- 
vine interference. 2. Sir John Herschel has suggested the possibility 
•f accounting for the flattening at the poles, by causes now in action ; 
which hypothesis seems to Mr. Lyell quite reasonable : thoufrh Sir John 
does not maintain that such wsf actually the mode in which it took 
place. He supposes the earth to have been created a perfect sphere, 
covered by an uniform ocean : and to have commenced a rotation on 
its axis, as at present. The water of course would rush towards the 
equator, leaving the polar regions dry, and very much elevated. ^ But 
as this great equatorial ocean wore down its shores, the land would grad- 
ually be carried towards the equator, and spread over the bottom of the 
sea, and ultimately be elevated so as to form the present eontinent. It 
is hardly necessary to say, that the present distribution of land and wa- 
ter, and the form of continents, do not accord with such a mode of for- 
mation : and so improbable is the idea that two vast continents, around 
the poles, with a height of nearly 13 miles, have been thus worn down 
and carried thousands of miles towards the equator, Uiat though theoret- 
ically possible, it must be regarded as practically impossible. Frof* 
Phillips' Treatise on Geology, p. 8. 

Proof. 5. The tropical and ultra tropical chararter of or* 
ganic remains found in high latitudes. If the globe has passed 
through the process of refrigeration, as the hypothesis of orig* 
inal igneous fluidity implies, there must have been a time, be- 
fore reaching its present statical condition, when the surface 
bad the high temperature denoted by these remains : and that 
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period must have been very remote ; since no enential change 
of temperature from internal causes has taken place for thou- 
sands of years. A climate, also, chiefly dependent on subter- 
ranean agency, would be more uniform over the whole globe, 
than one dependent on solar influence ; and such appears to 
ha?e been the climate of those remote ages. Hence we may 
reasonably impute that temperature to internal heat ; if some 
other more probable cause cannot be found. 

Other Suppositions. 1. It has already been stated, that Mr. 
Lyell has proposed an hypothesis, dependent upon the relative 
height of land in high latitudes at different periods, to explain 
the tropical character of organic remains, without the aid of 
secular refrigeration. But that hypothesis has been already sul^ 
ficiently explained. 2. Another hypothesis has been advanced 
with much confidence by certain writers, not however practical 
gelogists, to the same effect. It supposes these organic remains 
to have been driAed after death from the torrid zone. But 
their great distance in general from the torrid zone, the perfect 
preservation, in many cases, of their most delicate parts, with 
other evidences of quiet inhumation near the spot where they 
lived, such as the preservation in at least two cases of the softer 
parts of the animals, render such a supposition wholly untenable. 

Proof. 6. The fact that nearly all the crust of the globe has 
been in a melted state- As to the unstratified rocks, there will 
scarcely be a dissenting voice among geologists, to the opinion 
that they are of igneous origin, and have been melted. As to 
the detrital, or fossiliferous rocks, also, it will be admitted by 
ail, that they were originally made up of fragments derived 
from the primary stratified or unstratified rocks ; and that eon* 
sequently, so far as derived from the latter, they have been 
melted. And in regard to the primary stratified rocks, also, al- 
though there are two different theories as to the mode in which 
they have been produced, yet both admit either of the entire 
fusion of these rocks, or of their having heen so highly heated 
as to be able to assume a crystalline arrangement. Hence if 
the entire crust of the globe has been fused, it is a fair pre- 
sumption that it was the result of the fusion of the whole 
globe. 

T. This theory furnishes us with the only known adequaie 
cause for the elevation of mountain chains and continents. 

Other supposed causes of elevation, 

\, Earthquakes. Examplep have Imo given la a.xkA^^x'sl^^Kfe 
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(p. 222.) of small and limited elevations of land, produced bjr 
earthquakes. And it has been maintained that an indefinite 
repetition of such events might elevate the highest mountains, 
if they took place on no larger scale than at present. But it 
seems to be satisfactorily proved, that some elevations at least, 
such as those producing the enormous faults of the north of 
England, have been produced to an extent of several thousand 
feet, by a single paroxysmal effort ; whereas the mightiest e& 
fects of a modem earthquake have produced elevations only a 
few feet ; and in most cases the uplifted surface has again sub- 
sided. Again, there is little probability that a succession of 
earthquakes should take place along the same extended line 
through so many ages, as would be necessary to raise some 
existing mountain chains. Earthquakes many explain some 
slight vertical movements of limited districts ; but the cause 
seems altogether inadequate to the effect, when applied to the 
elevation of continents. 

2. Expansion of the rocks hy heat. Col. Totten, who is 
now at the head of the Topographical Bureau in this country, 
has made some accurate experiments on the expansion of rocks 
by heat. A block of granite, five feet long, by a change of 
temperature of 96^ F. expanded 0.027792 inch : crystalline 
marble, 0.03264 inch : sandstone, 0.054914 inch. By these data 
it appears that were the temperature of a portion of the earth's 
crust 10 miles thick, to be raised 600*^, it would cause the surface 
to rise 200 feet. This would be a greater thickness than could 
-he produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature might be raised on the hypothor 
«is of Prof. Babbage. Yet a still greater thickness might be 
heated, provided any new and extensive foci of heat should be 
|>roduced deep beneath the surface of the globe. Still this ac- 
eession of heat would finally be dissipated by radiation; and 
then the surface would again subside. This cause, therefore, 
though it may perhaps explain such Tertical movements of par- 
ticular regions as are taking place in Scandinavia, Greenland, 
Italy, England, d&c. seems inadequate to account for the per- 
mianent elevation of large continents. 'If they had been raised 
in this manner, and the same remark applies to some extent to 
earthquakes, we should hardly expect to find several distinct 
systems of elevation OQ the same continent, nor so many ex- 
amples of vertical strata. 

3. Unequal contraction and expansion of land and water hy 
edld and heat. Assuming the mean depth of the ocean to be 
10 miles, and that it had cooled from boiling heat to 40^ F. its 
To)ume iA:puld contract aboqt 0,042 ; while the eontractioa o( 
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the land would be only 0.00417. This would produce a sinking 
of the ocean of 697 feet {PMilips' Geology, p. 277.) An in- 
crease of temperature would produce an opposite effect : viz. 
the partial submersion of the land ; though it would be less 
than the desiccation, because of the greater area over which 
the water would flow. Admitting these changes of temperature 
to have taken place, and the theory of central heat supposes 
the former, that is, the refrigeration, they could not account for 
the desiccation of the globe, because the tilted condition of the 
strata shows that the land has been raised up : whereas this 
theory implies a mere draining of the waters. 

4. A change in the position of the poles of the Olobe. 
This hypothesis — not long since so much in vogue — would ex- 
plain how continents once beneath the oc^an are now above it^ 
if we adroit the form of the earth before the change, to have 
been the same as at present : viz. an oblatis spheroid. But it 
would not explain the tilted condition of the strata^ nor is it 
sustained by any analogous phenomena which astronomy de- 
scribes. 

Elevation hy Central Heat. 

First Mode. It is possible to conceive that volcanic power, 
acting as at present, but with vastly greater intensity, might have 
liAed up continents : for their elevation, in part at least, appears 
to have been the result of local forces acting beneath the earth's 
crust. 

Second Mode. A more probable hypothesis, suggested by 
Beaumont, imputes the present ridged and furrowed condition 
of the earth's surface to a collapse of its consolidated crust 
upon its contracted interior nucleus. This may be illustrated 
by Fig. 108. Fig. 108. 
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The outer circle represents ^.he crast of the earth, after it hmd be- 
come consolidated above the liquid mass within. This heated nacleus 
would go on contracting as it cooled, while the crust would remain 
nearly of the same size. At length, when it became necessary for the 
crust to accomodate itself to the nucleus, contracted say to the inner 
circle, it could do this only by falling down in some places and rising 
in others ; as is represented by the irregular line between the two cir- 
cles. Thus would the surface of the earth become plicated by the 
sinking down of some parts by their gravity, ond the elevation of cor- 
respondent ridges by the lateral pressure. The principal ridges thus 
produced, must coincide very nearly with a great circle : and as the 
earth's crust made successive efforts to accommodate itself to the con- 
stantly contracting nucleus, ridges would be produced in different di- 
rections, crossing one another ; and thus the various systems of eleva- 
tion known to exist on the globe, be formed at various epochs. 

Objection. Such a shortening of the earth*s diameter- as this hypoth- 
esis supposes, would increase the rapidity of its- rotatory motion, and 
shorten the length of the day : whereas astronomy shows that for 2000 
years no such change has taken place. Answer, That period is too 
short fairly to test the point ; since it requires a longtime for the ten- 
sion upon the crust of the globe to become so great as to produce a 
fracture ; and this may not have occurred since that time. If there be 
any flexibility, however, in the earth's crust, gravity must produce 
some depression of it in some places, and elevation in others, before the 
tension is great enough to produce a fracture. And possibly this may 
be the origm of sonle cases of slight subsidence or elevation on record. 

Origin of the Primary Stratified Rocks. 

Remark. The way has not previously been prepared for a full under- 
standing of the hypotheses above alluded to, concerning the origin of 
the primary stratified rocks ; because both of these depend more or 
less upon internal heat. 

JPirst Hypothesis, According to this hypothesis the stratified 
primary rocks are merely the detrital or fossiliferous rocks al- 
tered by heat. As these accumulated at the bottom of the 
ocean, being much poorer conductors of heat than water, they 
would confine the internal heat that was attempting to escape by 
radiation, until it became so great as to bring the matter into 
a crystaline state : but not great enough to produce eutire fu- 
sion, so as to destroy the marks of stratification. 

Arguments in favor of this Hypothesis. 

1. Numerous facts show that the molecular constitution of 
solid bodies may undergo great changes, without much change 
of the general form ; and even without any great elevation of 
temperature. Thus the heat of the sun alone, will change 
prismatic crystals of zinc into Dct abed rons ; and the same takes 
place with sulphate of nickel.' (Connection of the Physical 
Sciences by Mrs, SomtrvilU^ p. 171*^ Indeed, Dr. Macculloch 
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Bays he has completely proved by experiments, that *' every 
metal can completely change its crystaline arrangements while 
solid, and many of them at very low temperatures/' {System of 
Geology^ VoL I, p. 190.) Analogous changes have taken place 
in sandstone beneath trap rocks : in trap rocks after they have 
become 8oli<l ; and in solid glass. Hence the presumption is in 
favor of these internal changes in rocks of mechanical origin 
from internal heat. 

2. The heat requisite for the conversion of detrital into crys- 
taline rocks, without destroying the stratified structure, may 
have been derived either from an internal heated nucleus in the 
earth, when the crust was thinner than at present, as it was 
during the period in which the primary strata were deposited, 
or fVom local nuclei of heat, propagated upwards through de- 
irital deposites, according to the theory of Prof. Babbage. 

3. Geology furnishes numerous examples, in which the me- 
chanical or fossil iferous rocks have been converted by heat into 
primary crystalized rocks in limited spots by the agency of 
heat. When dykes of granite, porphyry, trap rocks, or recent 
lava, pass through detrital deposits, for a certain distance on the 
sides of the dyke, these conversions have taken place. Chalk 
and earthy limestone are in this manner in Ireland, converted 
into crystalized marble: and the same effect was produced 
upon chalk by heating it powerfully in a sealed gun barrel. 
Experimental proof has also been furnished by the chemist, that 
quartz rock is merely sandstone altered by heat; as is shown 
also at Salisbury Craig, Teesdale, and Shropshire, in Great 
Britain, where sandstone and basalt come into contact. In 
Shetland argillaceous slate, when in contact with granite, is 
changed into hornblende slate. Beneath the greenstone of Mt. 
Tom, in Massachusetts, the micaceous sandstone is so much 
changed, where the rocks come in contact, that it can hardly 
be distinguished in hand specimens from some varieties of mica 
slate. Clay slate is obviously nothing but clay that has been 
subjected to strong heat and pressure. 

4. The primary stratified rocks still retain marks of a me- 
chanical origin. The general appearance of gneiss and mica 
slate is that of fragments of crystals, more or less worn and 
rounded, and then recemented by heat But real conglomer- 
ates occur which yet have all the characters of the primary 
stratified rocks, except perhaps gneiss. Thus, I have in my 
cabinet from Rhode Island, a perfect and highly crystaline 
mica slate, which contains as perfectly rounded pebbles of 
quartz as any secondary conglomerate : also a taloo-micaceous 
slate of the same cbaraoter, which aboundfi vel ^\^^^S^ ^ 
magnetic oxide of iron. These iwiVa «t«i ^w5M«i^^^ ^^c^ 
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transition slates on the one side, and with primary slates on the 
other. I have also, perfectly distinct conglomerates of quartz 
rock, made up of rounded fragments of quartz, cemented by 
comminujted materials of the same kind. The strata of this 
rock in Berkshire County, in Massachusetts, are associated with 
gneiss and mica slate ; all of which at the spot, (in Washing- 
ton.) stand upon their edges. 

Objections, 1. There is little probability that detritus is con- 
veyed to the bottom of the ocean in quantities sufficient to cause 
such an accumulation of internal heat, as would convert me- 
chanical into crystalline rocks : — a degree of heat nearly equal 
to that which would melt them. True, the heat would accu- 
mulate in these ^detrital deposits to . a certain degree : but not 
beyond what exists in the solid crust of the earth generally ; 
and this would require us to descend nearly 50 miles, before a 
temperature would be reached sufficient for the purpose. Un- 
less, therefore, this theory supposes a much higher temperature 
on the fflobe when this change took place, than at present, (and 
most of its advocates deny this,) the requisite heat could not 
have been obtained, especially as in many cases the primary 
rocks extend to the surface, and do not appear to hav« ever 
been covered with newer ones ; so that there must have been 
heat enough to produce this transformation immediately be- 
neath the waters of the ocean. 

2. The difference in chemical composition between the pri- 
mary and the newer rocks, is opposed to the idea that the for- 
mer are only modifications of the latter. For we find that some 
of the ingredients, lime and carbon for instance, are far more 
abundant in the newer than in the older rocks. This differ- 
ence points of course to a different origin. 

3. If all the stratified primary rocks are metaroorphic we 
ought to find in them occasionally, especially in the limestones, 
traces of organic remains. For examples are not uncommon, 
in which the traces of such remains are found, (of which a de- 
scription has been given in Section 5,) in calcareous rocks 
which have become perfect crystaline limestone, as in the en- 
crinal limestone : and in other rocks which are converted into 
vesicular trap by the agency of heat. It is incredible, there- 
fore, that if the remains of animals and plants once existed in 
these rocks, as numerous as they now exist in th0 secondary 
rocks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the stratification. 

Second Hypothesis. This hypothesis supposes the primary 
Mtrat'ihed rocks to have been formed, partly in a mechanical, 
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and partly in a chemical mode, by aqueous and igneous agency, 
when the temperature of the crust of the globe was very high, 
and before organic beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency, 
in the formation of the primary rocks, there is still so much 
proof of the operation of mechanical agencies. For in that 
state of the globe, when its crust had cooled only so far as to 
allow water to exist npon it in a fluid state, volcanic agency 
must have been far more active than at preseiff : and conse- 
quently the agitated waters must have worn away the granite at 
their bottom extensively. But as the heated waters would con- 
tain a great deal of silica, and other ingredients M'hich would 
readily fall down as chemical deposits, the abraded materials 
would be consolidated before they had become entirely rounded 
into pebbles ; so that the compound might, upon the whole, be 
regarded as of chemical origin ; and yet not be destitute, as 
gneiss and mica slate are not, of the marks of attrition. In- 
deed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect 
conglomerate ; as the facts mentioned under the last hypothesis 
show was sometimes the fact. 

2. It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more 
abundant at later periods. Thermal waters, it has been shown 
in another place, often contain an abundance of silica in so- 
lution; but cold water never does. Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with- 
out this acid, carbonate of lime could not be held in solution to 
much extent : and farther, hot water will dissolve much less 
quicklime than cold ; the proportion being as 778 to 1270. 
Hence the heated seas of those early limes would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why less 
of lime is found in the older roeks, is, that probably it was then 
l^ss in quantity ; since it would seem to be derived, in part at 
least, from organic beings which did not then exist. 

3. It explains the absence of organic remains in the primary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as great abun- 
dance as at present — ^an assumption which is made by the pre- 
ceding hypothesis — it is iacredible that some traces of theuoL 
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should not remain : for if the fusion of these rocks was not so 
entire as to obliterate all marks of mechanical agency, if, in 
fact, perfectly rounded pebbles still occur in them, there is no 
reason why the harder parts of animals should not also remain : 
We have examples where the traces of organic remains exist in 
rock^, that have been almost entirely fused — at least so much 
melted, as in the case of a vegetable stem in trap, in the val- 
ley of the Connecticut, that it is converted into decided vesic- 
ular amygdaloid ; and yet its vegetable character can scarcely 
be doubted. (See a fine specimen in Amherst College,) We 
may hence infer, with no little confidence, that organic life did 
not exist on the globe when the primary rocks were in a course 
of deposition, and this hypothesis explains the reason. 

4. It explains too the reason why carbon is much less abun- 
dant in the older than in the newer rocks. Organic beings are 
undoubtedly the source of most of the carbou in the rocks— 
and of course it would be found in small quantities where 

neither animals nor plants existed. 

Remark, Dr. Macculloch does indeed state that he found organic r^* 
mains (orCAoc«rato,)in quartz rock, connected with gneiss, in Sutherland ; 
but other distingaished geologists (Sedgwick and Marchison,^ have 
failed in finding any at that spot. He thinks, also, that fragmeata <^ 
shells occur in hornblende slate in Glen Tilt {System oj Geology, Vol, 1. 
p, 418.) Von Dechen also mentions fossiliferoHs graywacke, inter- 
stratified with gneiss and mica slate in Bohemia. Bat facts of so anoma* 
lous a character, need still farther confirmation. Phillips* Geology, 
p. 78. 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss 
were deposited upon the granite, under the circumstances sup- 
posed by the hypothesis, it is easy to conceive how the internal 
heat should accumulate in the manner explained by Prof. 
Babbage, so as to melt the firranitic crust anew, and to extend 
the fusion into the lower beds of the gneiss ; at least so as to 
produce an almost entire obliteration of the lines of stratifica- 
tion, and form numerous niduses of perfect granitie in the gneiss. 
This hypothesis explains the passage of these two rocks into 
each other, better than the first hypothesis; because it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gt>eiss. 

Rem. The most important objections to this hypothesis are embrae* 
ed in those which are urged against the doctrine of internal heat in 
general; and therefore, it will be necessary to state only the latter. 

Objections to the Doctrines of Internal heat* 

Obs. 1. It has been maintained that the high temperature of 
deep excavations may be explained by chemical chang^es going on 
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in the tocks ; such as the decomposition ot iron pyrites by min- 
eral waters, the lights employed by the workmen, the heat of 
their bodies, and especially by the condensation of air at 
great depths. 

Answer. \n the experiments that hare been made upon the 
temperature of mines, care has been taken to avoid all these 
sources of error except the last, (which are indeed sometimes 
very considerable,) and yet the general result is as has been 
stated ; nor is there a single example on the other side to inva- 
lidate that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends from their bottom is 
much warmer than when there ; so that it carries away instead 
of producing heat. Cordier's Essay on the Temperature of 
the Interior of the Earth, Edinburgh Journal of Science April, 
1832. 

Obs, 2. The temperature of the Ocean. Wbf. Parrot, who 
urges this objection, recapitulates the results of ihe most accur- 
ate observations upon the temperature of the ocean : " 1. 
That the temperature diminishes as the depth increases: 2.x 
That it diminishes at first rapidly, then very slowly. From the 
surface to the depth^of 2478 feet, it diminishes more than 41^ 
F. and from that to 5490 feet, less than 2^.'*^ American Journal 
of Science t Vol, 26. p, 12.) According to De La Beche, 
there are some exceptions to these conclusions, especially in 
high latitudes. In fresh water lakes, the same observer found 
that the temperature decreased till it had nearly reached 4C F. 
when it continued nearly the same to the graatest measured 
depths. (Manual of Geology ^p. 20.) Facts of this sort ProL 
Parrot considers as directly at variance with the idea of tntero- 
al heat. 

Answer. Taking the conclusions of Prof. Parrot as true, 
they are just what we might expect would be the tempera- 
ture of the ocean, whether the earth had internal beat or not. 
For it appears that the strata, of water arrange themselves ac- 
cording to their specific gravities. The warmest particles being 
the lighest, of course rise to the top ; and the coldest sink to 
the bottom : just as we find to be the case in a vessel of water 
that is being heated over a fire. But when fresh water has de- 
scended to the temperature of 40^, F. it begins to expand, 
and therefore water below that degree will not sink but rise. 
Yet experiments show that it rarely goes lower than that degree ; 
and therefore, when the water has reached it, or nearly reached 
it, we might expect that the temperature at greater depths 
would be nearly the same. . Salt water continues to contract 
until it reaches the freeRing point, which veriea ficoiVL^"* \A^i^ ^ 
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according to the amount of salt which it contains. Hence we 

might eipect that the temperature of the sea, except perhaps in 

▼ery cold latitudes, would decrease downwards until it reached 

a temperature below which it rarely descends ; after which we 

should expect a uniform temperature to the greatest depths. A 

few obserrations, indeed, are on record, which can hardly be 

reconciled to the general principle that waters of lakes and 

oceans arrange themselves according to their specific gravities : 

yet such cases probably result from local causes of variation. 

Upon the whole, it seems that the facts in respect to the ocean's 

temperature, neither prove nor disprove the doctrine of central 

heat. 

Remark. Some have supposed, that since the ocean has a depth of 
several miles, the water at its bottom ought to be in a state of eballi- 
tion, if the doctrine of internal beat be true. But there is no reason 
to suppose the ^a^^'* crust to be thinner there than on the dry laad ; 
and hence no more^eat will escape into the waters by radiating from 
the earth, than escapes into the air ; which, as we have seen, according 
to Fourier, is a very small quantity : not sufficient to affect the tempera* 
ture of water or air perceptibly. 

Ob;, 8. *' If the central heat were as intense as is represent- 
ed, there must be a circulation of currents, tending to equalize 
the temperature of the resulting fluid, and the solid crust itself 
would be melted.'*— *' If the whole planet, for example, were 
composed of water covered with a spheroidal crust of ice fifty 
niiles thick, and with an interior ocean having a centra! heat 
about 200 times that of the melting point of ice, d&c :-^If it 
roust be conceded, in this case, that the ice would soon nielt, 
on what principle can it be maintained that analogous effects 
would not follow in regard to the earth under the conditions 
assumed in the theory of central heat ?" LyelFs Principles «/* 
Geology, Vol I. p. 456, 402. 

Answer, In the first place, it is not essential to the doctrine 
of central heat, that a temperature very much exceeding that 
requisite to melt rocks, (TOOO*' F.) should exist in any part of 
the molten nucleus. It may even be admitted that the whole 
globe was cooled down very nearly tt) that point, before a crust 
began to form over it. For still, according to the conclusions 
of Fourier, it would require an immense period to cool the in- 
ternal parts, so that they shotald lose their fluid incandescent 
state, after a crust of some 20 miles thick had been formed 
over them. In the second place, we have the case of currents 
of lava, which cool at their surface, so as to permit^ men to 
walk over them, while for years, and even decades of years, 
the lava beneath is in a molten state, and some times even in 
nfotion. And if a crust can thus readily be formed over lava/ 
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why might not one be formed orer the whole globe, while its 
interior was in a melted state : and if a crust only a few leet in 
thickness, can so long /fn'esenre the internal mass of lava at an 
incandescent heat, why may not a crust upon the earth, many 
miles in thickness, preserve for thousands of years the nucleus 
of the earth. in the same state? True, if we immerse a solid 
piece of metal in a melted mass of the same, the fragment will 
be melted ; because it eemnot radiate the heaf which passes into 
it : but keep one ^de of the fragment exposed to a cold medi* 
urn, as the crust of the earth is, aad it will require very much 
stronger heat to melt the other side. If ^he crust of the globe 
were to be broken into fragments, and these plunged into the 
fluid matter beneath, probably the whole would soon be melted, 
if the internal heat be strong enough. But so long as its outer 
surface is surrounded by a medium, whose temperature is at 
least 56^ below zero, nothing but a heat inconceivably powerful, 
can make much impression on its inferior surface. In the third 
place^ a globe of water intensely heated at its centre, and cov<^ 
ered by a crust of ice, is not a just illustration of a globe of 
earth in a similar condition, covered by a crust of rocks iind 
soils. For between ice and water there, is no intermediate or semi- 
fluid condition. As soon as the. ice melts, there exists a perfect 
mobility among the particles ; so that the hottest, because the 
lightest, would always be kept in contact withihe surrounding 
ciust of ice, and melt it continually more and more : especially 
as ice, being a perfect aon-conductor of bent, would not per- 
mit any of it to pass through, and by radiation prevent the melting. 
On the other hand, between solid rock and perfectly fluid lava, 
there is evexj conceivable degree of spissitude ; ' and of course 
exexy degree of mobility among the particles. Hence they 
could not in.that semi-fluid stratum, arrange themselves in the 
order of their sf>ecific gravities ; and therefore, the layer of great 
est heat would not be in contact with the uo melted solid, rock. 
True, the heat would be diffused outwards, but so long as the 
hardened crust could radiate the excess of temperature, the 
melting would not advance in that direction. This woi|ld take 
place only when the heat was so excessive, that the envelop could 
not throw it off into space. 

Objection A, It is maintained, that if the earth was originally 
in a fluid or gaseous state, and subsequently condensed, the 
solidification would <f commence at the centre, and proceed out- 
wards. The solidification of a nucleus at the centre by pressure, 
would throw out much heat, by which a layer around the 
nucleus would be expanded, so as to become lighter^ and to cause 
heavier particles to take its place. Tbes^. would at length hc- 
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come solidified, and thus would this process gradually adranee 
towards the circamferenoe of the globe, until the whole was 
cM>nTerted into a solid mass. This is the riew of M. Poisson. 
Su Am, Jcumtd of Science ^ Vol, 34, ji. 6L 

Ansmer, If it be admitted that the order of solidification in a 

S*obe condensing firom a fluid or a gaseous state, would be from 
e centre to the circumference, while that globe was surroun* 
ded by a medium of very high temperature, yet if the tempera* 
ture were such as actually surrounds the earth, radiation, must 
produce a crust o?er the surface ; and when once a, solid crust 
was formed, then the conclusions of Baron Fourier, already ex* 
plained, would follow. Even though enormous pressure might 
make the central parts more dense than the crust, still this 
would so confine the heat that a high, temperature might exist 
in the interior. In every case in which experiments have been 
made upon the cooling of intensely heated bodies, a crust forms 
over the surface, which much retards the refrigeration of the 
central parts. All known analog ies^ therefore, are opposed lo 
this hypothesis. 

Remark, M. Poisson. resorts to a most extraordinary sapposition to 
explain the observed increase of temperature as we descend into the 
earth. He assumes as true, the suj^^estion of the elder Herschel, that 
the solar system is in motion through spaee, and that the temperatnre 
of this space is so* different in different parts, as to heat the earth to a 
great depth at one time, and then, while passing through the frigid re- 
gions,, it ia gradually giving off its heat. It is hardly necessary to aay, 
that such a movement of the solkr system as is here supposed has scarce- 
ly nothing but conjecture to prov^ it. But if it be admitted, we can- 
not imagine what evidence there is, that different portions of the space 
passed over should have more than a very slight difference of tempera- 
ture. This is, therefore, an hypothesis based upon hypothesis. 

v. . 

Hypothetical state of the Globe in the earliest THmes, 

Remark. The theory of central heat, as already explained, extends no 
farther baek in the world's history than to the time when the globe- was 
in a state of fusion from heat : and the chemical theory, which ascribes 
subterranean heat to the oxidation of a metallic nucleus, does not 
necessarily describe the state of things in the beginning. But the mind- 
naturally enquires, whichever of these theories is adopted, what was 
the state of things at the commencement, or at the earliest period of 
which We can obtain any glimpses. To gratify this cariosity the two 
f(>llowing hypothesis have been suggested. It ought, however, to be re- 
marked, that though they be entirely groundless, the theories of central 
heat and of the oicidatidn of a metallic nucleus, may nevertheless be true. 

First Hypothesis. This is advanced by the advocates of 
original igneous fluidity, and supposes that previous to that time* 
the matter of the globe had been in a state so intensely heated, 
as to be entirely dissipated, or converted into vapour and gas. 



QhMMOVn 8TATI Or THfl OI^QM. 351, 

As the heat was gradually radiated into space, condensatMMi 
would take place r aud this process would evolve a vast amount 
of heat, by which the materials would be kept in a molten state, 
until at length a solid eru^t would be formed as alreadj ex* 
plained. 

Arguments in favor of this Hypothesis* 

1. The nature of eonaets shows -that worlds may be in a gaseous state. 
These bodies appear to have " no more solidity or coherence than a 
cloud of dust, or % w/eath of smoke/' — ** through which the stars are 
visible with no perceptible diminution of their brightness." {Whewell*9 
Bridgwater Treatise^ p. 152, 153 ) Sometimes however, they appear 
more dense towards their centre, and well defined circular nuclei 
have been seen in a few. It has been thought, alko^ th^t some of them 
become mors dense at their successive returns. Dr. Herschell regardtr 
them all as self luminous. Now in such facts do we not see a striking^ 
resemblance to the early condition of our globe, according to this hy* 
pothesis — to its condition before it ha'd become so much condensed as to 
be a fluid incandescent mass. 

2. The nebuliB appear to be similar in composition to comets : though 
not yet actually'^ converted into comets. They prove that a vast amount 
of the matter of the universe actually exists in the state of vapor. 

3. The sun, and probably the fixed stars, appear to be examples of 
immense globes so far condensed as to be in a fluid state by intense 
heat. This heat perhaps, is still powerful enough to dissipate the more 
volatile materials, which form a vast zone around the sun's equator and 
produce the zodiacal light. 

4. The process of refrigeration appears to be still farther advanced 
upon the moon : so much so, that it has ceased to be self luminous. 
And yet its entire surface bears the marks of volcanic desolation : so 
that it is doubtful whether even yet it is in, such a condition that beings 
like man could inhabit it. BakeweWs Geology p. 384. 

5. Some of the other planets appear to be in a transition state be- 
tween habitable and uninhiftbi table worlds. Thus, a remarkable nebu- 
losity surrounds the 4steroid planets, Juno, Ceres, and PaUas. Jupiter 
is not improbably covered with water; and Saturn by a fluid lighter 
than water. 

6. All these facts render it probable that other worlds are passing 
through the successive stages of refrigeration to which the hypothesis 
under consideration supposes the earth to have been subject. They af> 
ford us some glimpses of a far reaching law of nature on this subject. 

Second Hypothesis, This hypothesis supposes the globe to 
have been created a mass of combustibles and metals uncom* 
bined : to which were suddenly added water, the atmosphere, 
chlorine, iodine, and perhaps hydrogen. The chemical action 
that would ensue, would produce an intense ignition and com- 
bustion of the whole surface of the planet : a new and oxi- 
dized crust would be formed over it; that crust would be 
rent and dislocated, as we now find it to have been, Bui 
as thfi ^rq^ b^i^m^ t|lic|i;er^ wat^r ai^ Qtlier a([enis, which 



353 CAUBB8 or geological CHANGS. 

act energetically on the uncombined metals, would less fre- 
quently reach them ; and at length the surface would become 

habitable. Am. Jour, Seiencet V0L 14. p. 88. 

Proof. It is Bot pretended that any facts directly corroborative of this 
hypothesis are known. But the facility with which it explains the 
changes that have taken place on the globe, is supposed to render it 
probable. 

Intensity of Action in the Causes of Geological Change. 

JFHrst Theory. Mr. Lyell contends tliat the causes of geo- 
logical change now operating upon the globe, with no increase 
of intensity, that is, acting with no more energy than at pres- 
ent, are sufficient to account for all the revolutions which the 
crust of the ^earth has undergone. He admits of no irregular- 
ities or catastrophes greater than now take place : and supposes 
that effects which transcend any single effect of existing cau- 
ses, have been the result of repetitions, sometimes almost end- 
less, of present agencies. In other words, he supposes that 
things have remained from the beginning subject to no great- 
er changes than they, experience at tb^ present time. To 
prove these positions is the great object of his able work on 
the Principles of Geology. 

Proof. 1. It is agreed dn all hands, .that the nature of geo- 
logical causes has been the same in all ages ; although even as 
late as the time of Cuvier, he says that *' none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works." ' -^ 

2. An indefinite repetition of an agency on a limited scale, 
can produce the same effects as a paroxysmal effort of the same 
agency, however powerful ; provided the former is able to pro- 
duce any effect, as for instance, in the accumulation of detritus 
the elevation of continents, the dislocation of strata, &o. Now 
it is unphilosophical to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phenom- 
ena. 

3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formation by ex- 
isting aqueous and igneous agencies : and if a few have not yet 
been detected in the process of formation, it is probably be- 
cause they are produced in places inaccessible to observation. 

Second Theory. This theory admits that no causes of geolog- 
ical change, different in their nature from those now in action, 
have ever operated on the |^ohe: in other words, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but il maintains that 
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the existing causes operate now in many cases, with lesH inteii- 
sity than foronerly. 

Proof, 1. The spheroidal figure of the earth and other facts 
already detailed, seem to render almost certain the former fluid- 
ity of the globe^ Now whether that fluidity was aqueous or 
igneouS; or both in part, it is certain that the agencies which 
produced it must have operated in earlier times with vastly great- 
er intensity than at this day, and that their energy must have 
been constantly decreasing from tliat time to the present. 

2. Still more direct is the evidence from the character of or- 
ganic remains in High latitudes^ of the prevalence of a temper- 
ature in early times hotter than tropical : too warm, indeed, 
to explain by any -supposed change of levels in the dry. land. 
And if this be admitted, heat must have been more powerful 
in its operation than at present ; 'and this would increase the 
aqueous, atmospheric and organic agencies of those times. 

3. No agency at present in operation^ without a vast increase 
of energy, is adequate- to the deration,, several thousand fieet, 
of vast chains^ of mountains and conUnents; such as we know 
to have taken^ place in eariy times. - A succession of eleva«r 
tions by earthquake^, repeated through an indefinite ittfmber of 
ages, the vertical. movements being only'>ifew feet at each re- 
currence, is a cause inadequate ' to the effect, if wa adiuit that 
earthquakes have exhibited their oiaximum en^gy within faiB* 
torip times. Besides, it is difficult to conceive bow a conti- 
nent could be sustained several thousand feet high, unless melt^ 
ed matter be forced in beneath its crust. But earthquakes, and 
even the whole amount of volcanic power, if the doctrine of 
internal heat be rejected, could not supply any such prop. If 
we could suppose a succession of earthquakes, acting for thou- 
sands or millions of years along some «nticlinia] axis of great 
length,, wc have reason to suppose from their known operation, 
that sometimes they would t>levate, and sometimes sink down 
the surface; so that the final resultant would be probably little 
change of level, and not an elevation like the Andes or the 
Himmalayah mountains. 

4. In a majority Of cases the periods of ^ disturbance (m 
the globe appear to have been short compared ^with the pexir 
ods of repose that have intervened : as is obvious from the fact 
that particular formations have th^ same strike and dip through- 
out their whole extent : unless some portions have been acted 
upon by more than oneelevatory force : and then wefiud a sud- 
den change of strike and dip in the formations above and below. 
Whereas, had any of the causes of elevation now* in operation 
lifted up these formations by a repetition of their present com- 

22* 
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paratively minute effects, there ought to be a gradual decrease in 
the dip from the bottom of the formation upwards, and no sudden 
change of dip between any two consecutive formations, unless 
some strata are wanting. At the periods of these eleratory 
movements, therefore, the force most have been greater than 
any that is now exerted, to produce analogous effects. 

5. The sudden and remarkable changes in the organic con- 
tents of the strata, as we pass from one formation to another, 
even when none of the regular strata are wanting, coincides ex- 
actly with the supposition of long periods of repose, succeeded 
by destructive catastrophes. Nor is the supposition that species 
of animals and plants have become gradually extinct, and have 
been replaced hjf new species, by a law of nature during peri- 
ods of repose, sustained by any facts that have occured within 
the historic period : no example having been discovered of the 
creation of a new species by such a law ; and not more than one 
or two (the Dodo and Apteryx) of the extinction of a species 

'6. We have no evidence that the most important of the older 
rocks, both stratified and- unstr^ttified, are produced by any causes 
now in operation. That they may be produced deep in the 
earth, where igneous causes are still in intense operation, -is a 
plausible hypothesis, but unsustained by a single example of 
the production of mica slate, gneiss, granite, or sienlte. -The 
highly crystailline and in other respects peculiar character of 
these rocks, as well as their entire deficiency of traces of or- 
ganic existence, when they were formed, point to a stat«of the 
globe different from the present, but different only because ex- 
isting causes especially heat operated then with greater energy 
than at present. 

7. Dihivial action, since the deposition of the tertiary strata, 
requires for its explanation^ a greater intensity of dction in ex- 
isting geological -agencies ih{in * is known at the present day. 
This point, however, has been so fully discussed in Section 
VII, that nothing more need be added here. 

8. Upon the whole, with the exception of diluvial action, were 
we to confine our attention to the tertiary and alluvial strata, 
it might be possible to explain their phenomena by existing 
causes, operating with their present intensity. But when we 
examine the secondary and primary rocks, we are forced to the 
conclusion that this hypothesis is inadequate : and that we 
must admit a far greater intensity in geological agencies in 
early times than at present. 

Character and Repletion of Metallic Veins. 
Remark, The subject of metallic veins,— one of the most difficult in 
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geology, although touched upon in several places in this work, has been 
mainly deferred to this place ; because it could not be well understood 
without an acquaintance with nearly the whole of geology. 

Descrip. The metallic matter, called ore, rarely occupies the 
whole of the vein : bi^t is disseminated more less abtindantly 
through the quartz, sulphate of baryta, wacke, granite, &c. 
which constit(ites the greater part of the vein, and is called the 
gangue, matrix or veinstone. Oilen the ore and the gangue 
form alternating layers. , Sometimes there are cavities, lined 
with crystals, which cavities are called druses. 

Descrip, Metallic like other veins vary very much in width, 
both in a verticah and a horizontal direction. They are of un- 
known depth ; for scarcely ever have they been exhausted down- 
ward. The deepest mine that has been worked, is that at 
Truttenberg in Bohemia : which has been explored to tlie depth 
of 3000 feet. 
Descrip, la all cases metallic like other mineral veins, are filled 
with matter different from the rocks which they traverse. In some 
instances they are obviously of the same age with the contain- 
ing rock, but in a majority of cases, they are fissures that have 
been subsequently filled. They exhibit almost every variety of 
dip and strike, and yet it has been- thought that they very often 
affect an east and west direction, though frequently they run 
north and south and their dip usually approaches the perpendic- 
ular. These veins often ramify and diminish until they finally 
diappear. Their width is very various^; from a mere line, up 
to some hundreds of feet. The metallic veins of Cornwall vary 
from an inch to 30 feet in width. The contents are sometimes 
arranged in successive and oAen corresponding layers on each 
side 

Descrip, The contents of metalliferoHs veins often vary in 
the same vein, in different rocks, through which it passes, both 
perpendicularly and in the direction of the vein. Its width also 
varies. in the same manner. 

Descrip, Metallic veins are most numerous in ];^rimary and 
transition rocksV No vein is worked in Great Britian above 
the new red sandstone. Nor are any explored of much impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the Cordilleras of Chili, also, 
tertiary strata, which have become crystaline by the proximity 
of granite, are traversed by true metallic veins of iron, cop- 
per, arsenic, silver, and gold, which proceed from the aoderly- 
ing granite. 

Descrip, As a general faQt, metallic veins are most produc- 
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tire near ihe junctiAii of stratified and 
unstritified rocks. Their productiveness 
depeada also, on their direction, in some 
measure : an east and west direction 
being regarded as the moat farorable 
in Cornwall ; while the erm* courses, 
or north and soulb veins, are usually 
unproductive. 

Fig. ]09, ii a seotioa of tin ind copper 
veins near Redtuth in Coinw«ll. Tbv; 

Snctilly pasi from tlie klltti, or date, into 
i giinite beneath. The section reaebea to 
the depth of 1200 feel. The dotted linea 
repreaent the tin liidei, (Tfini) and the con- 

Thforiei to npltnn ihe Repletion of 
Veins in General. 

I, Werner s'uppoMd that reins were 
fisBurea filled b; aqueous infiltration 
frotn aboTe. But it is probable that this 
hypothesis will apply to scarcely a sin- 
gle example of all the varieties of veins. 

3. Hutton supposed that veins were 
filled by melted matter injected fi-om 
beneath. And the facts that have been 
detailed in this work, make it almost 
certain, that a large part of the veins, 
filled by nnstralified rock, were (hiis 
produced. Indeed, it is ofieii practieablfl 
to trace these veins to the central mass 
from which they proceeded, and to 
follow them at the other entremiiy, as 
they thin olT and are lost. It is atmoal 
equally cert.iin that many metallic veins 
were thus produced. 

3. Prof. Sedgwick supposes some 
veins to have been produced by chemical 
aegregation from the ruck in which fbey 
occur, while that was in a yielding state ; 
just aa the nodules of fliut were segre- 
gated from chalk, or crystals of simple 
,mh)erals from the rocks in which ihey 
are now found imbedded. That many 
veins were produced in this manner can 
hardly be dou\iVe4'. ^m wwaWAWie* ■«* 
find them ip»aB\nn \ii \o6Mui*Xft miA*i- 
tion into i^ft \n^ttim^ "t««^.«^*«* 
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showing that they are of contemporaneous origin, with the rock, 
while both were in a fluid state. In such cases chemical segre- 
gation is the only known principle by which the veins could 
have been formed. 

4. Mr. Fox and M. Becquerel refer the origin of many me- 
tallic veins to electro-chemical agencies, which are operating at 
the present day, to transfer the contents of veins even from the 
solid rocks, in which they are disseminated, into fissures in the 
name. The former of these gentlemen has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electro-magnetic in- 
fluence : that is, they constitute galvanic circuits, whereby nu- 
merous decompositions and recompositions, and a transfer of 
elements to a considerable distance, may be effected. He was 
induced to commence experiments on this subject, by the anal- 
ogy which he perceived between the arrangements of mineral 
veins and voltaic combinations. And be thinks if such an 
agency be admitted in the earth, it shows why metallic veins, 
having a nearly east and west direction, are richer in ore than 
others ; since electro-magnetic currents would more readily 
pass in an east and west than in a north and south direction, in 
consequence of the magnetism of the earth. M . Becquerel has 
shown, that even insoluble metallic compounds may be pro- 
duced by the slaw and long continued reaction and transfer- 
ence of the elements of soluble compounds by galvanic action. 
He has also made an important practical application of these 
principles, which is said to be in successful operation in France : 
whereby the ores of silver, lead, and copper, are reduced with- 
out the use of mercury. (BacklamTs Bridgtoatfr Treatise^ 
2d, Editwn^p. 552. and 615, Vol. 1. andp, 108, Vol. 2.) Thia 
ingenious theory bids fair to solve many perplexing enigmas 
relating to. metallic veins; and to prove that some of them may 
even now be. in a course of formation. 

5. M. Neckar and Dr. Buckland suggest, that some minertl 
veins may have been^Iled by the sublimation, of iheir contents 
into fissures and cavities of the superincumbent rocks, by means 
of intensely heated mineral matter beneath. Thus, it has t>een 
shown that by heating galena in a tube, and causing its vapor 
to unite with that of water, a new deposition of that mineral 
was produced in the upper part of the tube; and in a similar 
manner boracic acid, which by itself does not sublime, may be 
carried upwards and deposited anew. JBuckland*s Bridgwattr 
' TreeUise, VpL I ,^p. 551. PMUips^ Otology, p. 21 2^. 

Conclusion. Probably Jt will be necessary to call tn the aid of nearljr 
all the preceding hypOtheifeq. to explain the complicated phenomena o| 
x^ineral veins, 
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For aeearate accQunta of thia difficalt aubjeet aee PhUJips' Treatise 
Geology, Vol. 2, Chapter Viil : Also, De La Btche's QeUogical Report 
on Cornwall and Devon, Chapter X, 



SECTION IX. 

CONNECTION BETWEEN GEOLOGY AND NATURAL AND BEVEALED 

RELIGION. 

r 

I . IlhtstrcUiona of Natural Religion from Geology, 

Remark The bearing of geology upon religion, baa always excited a 
good deal of interest and of discusaion : and being in some respects pe- 
culiar and important, a treatise on geology^ which omita this subject, 
must be considered as deficient. 

Prin, Geology shows us that the existing system of things 
upon the globe had a beginning. 

Proof. I. Existing Continents have been raised from the bot- 
tom of the sea, where most of their surface was formed by de- 
position. 2. with a few exceptions, the existing races of ani- 
mals and plants most have been created since the deposition of 
all the rocl^s except the diluvial ; since their remains do not 
occur in the older rocks. Hence it appears that not only the 
present races of organic beings, but the land which they -inhab- 
it, are of comparatively modern production. 

Inference. I. Hence it is inferred that the existing races of 
animals and plants must have resulted from the creative energy 
of the Supreme Being : for even if we admit that existing 
continents might have been brought into their present state by 
natural causes, the creation of an almost entirely new system 
of organic beings, could have resulted only from an exertion 
of an infinitely wise and power^l Being. Indeed, the bestow- 
ment of life must be regarded as the highest act of omnipo- 
tence. 

Inf. H. Hence the doctrine which maintains that the opera- 
tions of nature have proceeded eternally as they now do, and 
that it is unnecessary to call in the agency of the Deity to ex- 
plain natural phenomena, is shown to be erroneous, 

liif 3. The preceeding inferences being admitted, natural 
Theology need not labor to disprove the eternity ^ of ihattei*; 
since its eternal duration might be admitted, without. affecting 
any important doctrine. See Chalmers Works, Vol. 1, on 
Natural Theoloigy ; where this subject is admirably treated. 
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Prin. Several different systems of organic life have appear* 
ed on the globe, adapted to its varying conditions, as to 
temperature, moisture, food, and other circumstances. In the 
opinion of many geologists, afso, numerous changes took place 
on the globe previous to the creation of animals and plants;' all 
of which tended to prepare it for their dwelling place. 

Inference, 1. Hence it appears that the Deity has always ex- 
ercised over the globe a superintending Providence ; and 
whenever it was necessary, has interfered with the regular se* 
quence of events. 

Inf, 2. A presumption is also hence obtained, that th^^ matter 
of die globe had a beginning : or at least, all presumption 
against its creation out of nothing, is taken away : For there 
must have been a commencement to a. series of changes in 
which there is continued improvement; (such as the globe has 
actually experienced) and it is a priori as probable, that at the 
beginning of these changes, matter was called into existence, 
as that at successive periods new races of animals and plants 
were created. 

Prin, In all the conditions of the globe from the earliest 
times, and in the structure of all the organic beings that have 
successively peopled it, we find the same marks of wise and 
benevolent adaptation, as in existing races ; and a perfect unity 
of design extending through every period of the world's his* 
tory. 

Proof, I. The anatomical structure of animals and plants 
was very different at different epochs : but in all cases the 
change was fitted to adapt the species more perfectly to its pe* 
culiar condition. % To communicate the greatest aggregate 
amount of happkiess, is a leading object in the arrangements of 
the present system of nature : and it is clear from geology, that 
this was the leading object in all previous systems. 3. The ex* 
istence of carnivorous races among existing tribes of animals 
tends to increase the aggregate of enjoymcrit, first, by the hap- 
piness which those races themselves enjoy ; secondly, by the 
great reduction of the suffering which disease and gradual de- 
cay would produce, were they not prevented by sudden death : 
and thirdly, by preventing any of the races from such an exces- 
sive multiplication as would exhaust their supply of food, and 
thus produce great suffering. Now we find that carnivorous 
races always existed on the globe ; showing a perfect unity of 
design in this respect Thus when the chambered shells, so 
abundant in the secondary rocks, and which were carnivorous, 
became extinct at the commencement of the tertiary epoch, 
numerous univalve molluscs were created, which were carniv- 
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orous : although tiJl that time these races had been herbirorous. 
Inference. From these statements we infer the absolute per« 
fection, and especially the immutable wisdom of the Divine 
character. A minute examination of the works of creation as 
they now exist, discloses the infinite perfection of its .Author, 
when they were brought into existence : and geology proves 
Him to have been unchangably the same, through the vast pe- 
riods of past duration, which that science ^hows to have elaps- 
ed since the original formation of the matter of our earth. 

Rem. The whole of this subject is admirably developed in the late 
splendid Bridgewater Treatise, by Dr. Backland. 

jPrtn. Geology furnishes many peculiar proofs of the benev- 
olence of the Deity. The following are the inost atriking. 

1. Th€ formation of Soils by the decomposition of Rocks. 

Jllustraiion. The disintegration of rocks, which we everj 
where witness, strikes the mind at first as an exhibition of de> 
cay, indicating some defect of contrivance on the part of tlie 
Deity. But when we find that the so»ls resulting from this de* 
composition are exactly adapted to the growth of plants, and 
that these are essential to the existence of animals, we can no 
longer doubt but we have before- us a bright exhibitt<in of be* 
nevolent design. ~ 

"2. 71U disturbances that have taken place in the earth^s 

crust, 

Illas. To a person not familiar with Geology, the elevation, 
disruption, contortion, and overturnings, exhibited by the rockv, 
present a scene of confusion and ^haos rather than proofs of 
benevc^ent design. But suppose the strata had remained hori- 
zontal, as first deposited. Nearly all the beds of valuable rocks 
and'minerals must have been hidden from human Tiew, ami ren- 
dered inaccessible. But the disturbances experienced by these 
strata have brought them within the reach of human industry. 
Design then is manifest in this apparent confusion. 

3, 2^e formation cf Vallies. 

Ulus, In mountainous countries these have resulted mainly 
from the elevation and dislocation of the strata. They have, 
however, been greatly modified and rendered beautiful and 
arable, by means of atmospheric und aqueous agencies ; and 
to these latter causes most of the Tallies in level counties owe 
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their origin. Now without vallies, the earth would be Uninhab- 
itable ; because there could be no circulation of water, and 
stagnation and death would pervade all nature, even if we ad- 
mit enough of inequality to redeem a part of the earth from 
the ocean. 

4. The distribution of Water. 

Illus. We might at first suppose, that in mountainous regions, 
all the water would soon be accumulated in the valleys. Where- 
as such are the nature tind situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. The 
alternations of pervious with impervious strata form natural res- 
ervoirs of water in the earth, and those dislocations of the strata, 
termed faults, tend to render these reservoirs still more perfect , 
while the fact that springs occur in almost every part of the 
earth, show that enough communications exist to the surface 
to allow of the passage of sufficient water for the ;support of 
animals and vegetables. These springs, uniting into rivers, 
find their way into' the ocean ; where an eqiral quantity of water 
is evaporated, and brought >back by clouds into the regions where 
this perpetual^ drain is going on. Thus a constant circulation 
is kept up j while the hydraulic arrangements of the earth's 
crust are such as to keep a constant supply in all those places 
where it is needed. Surely here is benevolent design : and 
design too brought about by apparent disorder and confusion. 

5. The distribution of Metallic Ores, 

Illus. If the earth has been in a state of fusion, we should 
expect that the metals, being generally heavier than other mm- 
erals, would have accumulated* at the center, and have disappear- 
ed from the earth's crust. But by means of sublimation, segre- 
gation, and other agencies, enough of these metals has been 
brought so near the surface as to be accessible to man. Yet they 
are not so abundant, nor^o easily obtained, as not to demand 
patient industry and ingenuity, whose ei^ercise is indispensable 
to human improvement and happiness. Again, the most impor^ 
tant of these metallic ores — iron, lead, copper, d^^c. are most 
abundantly distributed and most easily obtained. 

6. Diluvial Agency. 

Illus. The effect of those powerful currents of water, that 
have swept over large portions of the earth's surface in past 

23 
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times, has been to wear down its more rocky and salient parts, 
to convert steop escarpments into gentle slopes, and to increase 
the quantity of soil, and spread it more extensively over the sur- 
face. Hence, though at first a desolating agency, its ultimate 
effect is most salutary. 

7. Volcanic Agency, 

nius. It operates, in the first place, as a safety valve, to prevent 
those vast accumulations of beat which exist in the earth, from 
rending whole continents in pieces : in the second place, it aids in 
arising continents from theocean and in the formation of rallies. 

Objection, Why should not a Benevolent Being, who is om-* 
uipotent, secure to his creatures the benefits which result from 
diluvial and volcanic agency, without the attendant evils, such as 
the destruction of property and life 1 

Answer, This is a question that me^ts the student of natur* 
al theology at almost every step of his progress : for we find al- 
most universally, that evils are incident to operations whose 
natural tendency and general effect are beneficial. Probably it 
is so, because a greater amount of good can thereby be secured 
in the end. But the existence of evil is one of those difficult 
subjects, whose complete elucidation ought not to be expected 
in this world. 

8. The tucumulation of ertennve deposits of coal, rock salt^ 
gypsum, marble, and other valuable minerals, for the use of 
man^ during the long periods that preceded his existence, 

Ulus, While the earth was in a state unfit for the animals and 
plants now existing upon it, it was covered with a gigantic veg- 
etation, whose relics became entombed, and were gradually con- 
verted into those beds of coal, which are now in the course of 
disinterment, and which are so important to human improve- 
ment and happiness. Then also, rock salt, gypsum, and mar- 
ble, were slowly preparing for the service of beings to be creat- 
ed centaries afterwards. Can there be a doubt but this is a 
beautiful example of the prospective benevolence of the 
Deity ? 

9. The adaptation of the natures of different groups of ani' 
mats to the itarying condition of the globe, 

Ulus, The Deity intended the world ultimately to become the 
residence of intellectual and moral beings : but for wise reasons 
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he chose to bring it by slow ^ processes of change into a 
fit condition for' their residence. Yet his overflowing benevo- 
lence prompted Him to people the world, during this transition 
state, with animalb whose natures were perfectly adapted to its 
condition. And as often as that ponditiou changed, did he 
change its inhabitants and their constitution. He might have 
left it desolate during these mighty periods of preparation. But 
infinite benevojence would not permit. • 

Prin, Geology enlarges our conceptions of the plans of the 
Deity. 

Example. 1. The prevailing opinion, until recently, limits 
the duration of the globe to man's brief existence, which ex- 
tends backward and forward only a few thousand years. But 
geology teaches us that this is only one of the units of a long 
series in its history. It developes a plan of the Deify respecting its 
preparation and use, grand in its outlines, and beautiful in its 
execution ; reaching far back into past eternity, and looking for- 
wards, perhaps indefinitely, into the future. 

2. Each successive change in the condition of the earth thus 
far, appears to have been an improved condition : that is, bet* 
ter adapted for natqres more and more perfect and complicated* 
In its earliest habitable state, its soil must have been scanty and 
sterile, and almost destitute of calcareous matter. The sur* 
face also, was but little elevated above the waters ; and of 
course the atmosphere must have been very damp ; though ths 
temperature was very high. Every subsequent change appears 
to have increased the quaatity and fertility t>f the soil, the 
amount of the salts of lime and geine, and the dryness of the 
atmosphere. Should another change occur, similar to those 
through which it has already passed, we might expect the con- 
tinents to be more fertile and capable of supporting a denser 
population. 

3. It appears that one of the grand means J»y whieh the 
plans of the Deity in respect to the material world are accom- 
plished, is constant change ; partly mechanical, but chiefly 
chemical. In every part of our globe, on its surface, in its 
crust, and we have reason to suppose, even in its deep interior, 
these changes are in constant progress : and were they not, 
universal stagnation and death would be the result We have 
reason to suspect also, that changes analogous to those which 
the earth has undergone, or il now undergoing, are taking 
place in other worlds; in the comets, the sun, the fixed stars, 
and the planets. In short, geology has given us a glimpse of 
a great principle of inttabiHty^ by which the stMlity of the 
universe is secured; and at the same time, all those movemeatt 
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and revolutions in the forms of matter essential to the exist- 
ence of organic nature, are produced. Formerly the examples 
of diecay so common everywhere, were regarded as defects 
in nature : fiut they now appear to be an indication of wise 
and benevolent design : — a part nf the vast plans of the 
Deity for securing the stability and happiness of the universe. 

2. Connection of Geology with Revealed Religion, 

Prin, Revelation does not rttempt to give instruction in the 
principles of science : nor does it use the precise and accu- 
rate language of science : but the more indefinite language of 
common life. Nor does science attempt to teach the peculiar 
truths contained in revelation. 

In/- 1. Hence it is only where revelation incidently touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

/it/*. 2. Hence there may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of- a 
difference in the language employed : ex.^r. : the bible appar- 
ently contradicts astronomy, when it asseits that the earth is 
immovable, and that the smi rises and sets : But that here is 
no real disagreement, is too' obvious to require proof. 

/it/*. 3. Hence it is reasonable to expect, only that the prin- 
ciples of science, rightly understood, should not contradict ijie 
statements of revelation, rightly interpreted. Unexpected co- 
incidences, however, may occur between the two subjecta ; and 
these will tend to strengthen our belief in the truth of both. 

Inf, 4. Hence the points of apparent discrepancy ought to 
be more numerous than the points of agreement betwieen sci- 
ence and revelation, in order to prove a real contradiction be- 
tween them : For it is as difficult to explain an apparent agree* 
ment, where there is real discrepancy, as the reverse. 

Points of Coincidence between Geology and Revelation. 

h They agree in representing our present continents aa . 
formerly covered by the ocean. 

Proof That they were thus submerged, is one of the best 
settled principles of geology ; and that revelation teaches tho 
same, appears from Qenesis,L : 1, 9. 

2. They agree as to the agents employed to produce geolog* 
ical changes on the globe : viz. water and heat. 

Proof Water is the only agent directly named in Genesis : 
and the elevation of th^ land is imputed directly to tb^ exertion 
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of Omnipotence. But in Psalm 104. 2. 4 to 7, where this ope- 
ration seems to be described, the voice of GoePs thunder, there 
represented as the agent, may reasonably be understood to re- 
fer to volcanic agency. This same agency is represented ]# 
having destroyed the cities of the plain, according to Dr. Hen- 
derson's transJation ol Job 22, v. 15 to 20. A future change 
in the earth, is also described as resulting from fire. 2d Peter 
3 : 10. See Turner^s Sacred History of the World, p. 24, 25. 

3. They agree in representing the work of creation as pro- 
gressive, ader the first production of the m&tter of the uni- 
verse. Genesis, Pirst Chapter, 

4. They agree in the fact that man was among the latest of 

the animals created to inhabit the glol)e. 

Remark. This is a yery important point. For had the remains of 
man been foond among the earliest organic relics, while the bible rep- 
resents him as the last animal created, it would have been diffiealt to 
see how the two records could be reconciled. 

5. They agree in the fact, that the period when the existing 
races of animals and plants were placed upon the globe, was 
comparatively recent 

Prmff According to iievelation, this period could not have 
been more thaa 6000 years ago : and although we cannot as 
yet connect geological and chronological time, there are facts 
which prove that the commencement of the present order of 
things, and of the existing races of animals and plants, cannot 
have been very remote. Their remains occur only in allu- 
vial deposits. Now the quantity of alluvium at the Hiouths 
of rivers, although often advancing rupidly , is yet comparatively 
limited. The accumulation of fragments at the base of steep 
rocky precipices, is still in most cases going on : as is also th« 
formation of peat. But had these processes commenced at an 
immeasurably remote period, they ongtit ere this to be com- 
pleted. Wide oceans ought to be converted into alluvial plains, 
precipices should all be levelled, and peat swamps be so filled 
that the process of its formation would stop. 

6. The facts of seology render the future destruction ,of the 
earth by fire, a not improbable event. 

Proof Nearly all geologists admit that the earth contains 
vast reservoirs of heat ; and if these are brought into action by 
the fiat of the Almighty, the elements might be melted and the 
earth and the things therein he burned up. Or it is even easy 
to conceive how this internal heat, without miraculous inter- 
ference, might, under certain circumstances, produce the same 
result. 

7. It has been usual to regard the last geological delude aia 
identical with that of Nosh, and as futu\&Vi\iia ^ %Vr^\Ck% ^^»xsb> 

23» 
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pie of coincidence between geology and revelation. But in 
another place it has been shown, that this identity cannot pro- 
bably be made out : And hence we can only say, that the 
Sequent occurrence of geological deluges, furnishes a presump- 
tion in favor of the occurrence of such a deluge as is described 
in the Scriptures, and found in the traditions of all nations. 

Supposed Discrepancy between Geology and Revelation, 

Descrip, The supposed discrepancies belween geology and 
revelation, relate first, to the age of the world, and secondly to 
the period when death was introduced upon the globe. 

Descrip. Geologists suppose that the changes which have ta- 
ken place on the globe, orust have occupied immense periods 
of time ; and that several successive syMems of animals and 
plants inhabited the world previous to the creation of the ex- 
isting races : whereas the Mosaic account, according to the 
common interpretation, represents the matter of the globe to 
have been produced out of nothing, only a few literal days 
previous to the creation of man ; and that all the animals and 
plants that ever lived on the globe^ were then brought into 
existence. 

Remark. I am not aware that this sfatement haa ever been ibrmally 
tddttoed by any geological Writer in opposition to rerelntion :' Bat geolo- 
gists having come to the conclnaion that the earth, in some form, nnst 
have existed more than 6000 /ears, some Christian writers have infer- 
red that this was opposed to the Mosaic accoant, and have attempted a 
""defence of revelation. Ahd hence has resulted the prevailing opinion, 
that geologrists in general, have been hostile to the bible— an opinion 
which may be- refnted by an appeal to their writings. 

Prin. In order to obviate this objection to revelafion,^ic ts 
only necessary to show, that one or more modes exist, of recon- 
^ ciling the apparent discrepancy, which it would be more rea- 
sonable to adopt than to infer any real collision between the 
two records. Some of these modes of explanation will now be 
briefly described. 

1. Some theological ^but no geological) writers maintain, 
that the fossil iferous rocks were not the result of slow deposition 
and consolidation : but were created at once, with all their or- 
ganic contents, just as we now find them. 

Refutation, This is admitted to be possible ; because God's 
power is infinite. But our only ground for judging as to the 
cause of any natural changes, is analogy ] — and this is entirely 
opposed to the idea that rocks were thus produced ; and every 
example that can be quoted of rocks in a course of formation, 
Js ia favor of their slow formdtioa by second causes. 
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2. Some maintain that the fossiliferoas rocks were deposited 
by the deluge of Noah. 

Refutation, 1. Thai delirge must have been for the most pari 
violent and tumultuous in its action on the globe : for thcr 
ocean must have flowed over the land in strong currents ; and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently deposited in quiet waters. 2. If deposited by that 
deluge, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together; whereas in both the9Q 
respects they are actually arranged with great regularity into 
groups. S. The period occupied by the Noachian deluge was 
vastly too short for the deposition of rocks -five or six miles in 
thickness, and with agreat numberof entire and distinct changes 
ill their nature and organic contents. 4. The organic remains- 
in the rocks do not correspond to the animals and plants now 
living on the globe. But this deluge took place since the crea- 
tion of the present races ; and, therefore, by this hypothesis, 
they ought to be found ra the rocks. Hence they were, deposit- 
ed before that event. 

Remark, An apology is dae to the geologieal reader, fpr intr^dueiag 
a formal refutation of an hypotheiia, which, to bim, appeara ao entirely- 
absurd. The apology conaiits in the fact, that many intelligent men 
are itill found maintaining thia hypothesii . 

3. Some suppose the fossiliferous strata to have been de- 
posited in the interval of 1690 years between the crertion of 
tnan and the deluge. 

Refutation. 1. The time since the deluge has bee« twice as 
long as 1600 years : But the amount of alluvia deposited has 
not been one thousandth part a{i great as the whole fossiliferous 
rocks. Hence 1600 years is vastly too short a period-for their 
deposition : Since no reason can be given why the process of 
their formation was essentially more rapid before than after the 
deluge. 2. By this hypothesis the sea and land must hav4 
changed places at the deluge ; in order to brin^ the fossilifer- 
ous rocks from the bottom of the sea. But geology renders it 
extremely probable that no interchange of this sort took place 
so recently. 3. On this hypothesis Jtbe organic remains ought 
to consist of species of the existing races, with man among the 
number: unless we suppose that several new and distinct 
creations of animals and plants have taken place on the globe 
since man was placed upon it, none of which are mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from secondary 
agencies : that is, they have existed in some previous form« be- 
fore assuming their present state. But these ^Vvw\<^^^ ^^^^^^x 
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have taken place after the creation and fnultiplication ofinan ; 
because to take away the primary rocks is to take away all terra 
Jirma on which he could have subsisted. 

4. Some regard the six days of creation, (<:alled the demiur' 
gic days) in the Mosaic account as not literal days of 24 hours, 
but periods of indefinite or unequal length, or as the represen- 
tatives of indefinite periods. 

Rtmark. Three varietieg of opiniong are embraced in this theory, as 
abpve stated. 1. The more common supposition is, that th« term day 
is here to be understood figuratively, as emoracins a long. period of time : 
a mode of using the term, that is frequent in alflabguages. 2. Some, 
as Bishop Horsley and Professor Jameson, suggest that the revolution 
of the earth on its axis was at first ''inconceivably slnw,*.--'and that it 
did not acquire its present rate till the close of the fourth day ; so that 
the four first days may have been of vast duration^ (•PhUosojtieml Mug" 
azme, Vol. 47. p. 243 : also Vol, 46. /». 227.; Still more recently this 
theory has been ably elucidated by Dr. Keith in his DtminuitTalvan of 
the Tnak of ChristianUy, p. 327 First American Edition^ 1839.) 3. 
Others, as Hensler in Germany, and Professor Bush in this country, 
suppose that each of the six demiurgic days stands as the closing day, 
or rt*presentative, of an indefinite number of days, which make up six 
periods of unknown and perhaps unequal length : during which geolo* 
gical processes might have been going on. (Jitnerican Biblical Heposi* 
tory^ vol, 6. p. 297. Busk's (luestWTts and notes upon the Book of Genesis ^ 
Second Edition. 

Arguments in favor of this Theory, 

1. The word day is oAen used in Scripture to express a peri- 
od of indefinite length, Ex. gr. Luke 17. 24.— John 8.56. 
Job. 14. G. &c. 2. The sun moon and stars were not created 
till the fourth day ; so that the revolution of the earth oo its 
axis in 24 hours did not probably exist before that time ; and 
some other measure of time must have been adopted, which 
Moses tells us was light and darkness : and how oflen these 
succeeded one another, ih not revealed ; and therefore is uo* 
known. 3. The seventh day, or the sabbath, has not yet ter« 
minated ; and will not, until God shall resume the work of 
creation ; that is, it will continue from the beginning to the 
destruction of the world, and there is no reason why we ought 
not to regard the other demiurgic days as of at least equal 
length. 4. In order to reconcile the declarations of scripture 
with the discoveries of astronomy, it is necessary to depart as 
much from the literal meaning as this interpretation demands.. 
5. This interprt'tation corresponds remarkably with the tradi- 
tional cosmogonies of many heathen nations ; as the ancient 
Etruscans, and the Hindoos, who describe the demiurgic days 
as immense periods. 6. This theory is thought by Professor 
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Jameson and others to develope a striking coincidence between 
the epochs of creation as dscribed by Moses and bj geol(^ists. 
(Bakeu^elPs Gtology, p. 450 J 

Objections, 1. There is no evidence that the word day is 
used figurativ^ely in the first chapter of Genesis, as it is in all 
other places in scripture where it means an indefinite period, 
except perhaps Gen. 2. 4. On the contrary, the Mosaic descrip- 
tion of the creation appears to be a very simple and perfectly 
literal history, adapted for the most uncultivated minds. 2. In 
the fourth commandment (Exodus 20 : — 9. JO. 11.) no one can 
doubt bat the six days of labor and the Sabbath, spiiken of in 
the 9, and 10, verses, are literal days. By what principle of in- 
terpreting language, can the same word in the next verse, where 
the creation is described, be understood to mean indefinite peri- 
ods? See a parallel passage, Exodus, 31. 17. !i. It seems 
from Genesis 2. 5^ compared with Gen, I. 1 1, 12, that it had 
not rained on the earth till the third day. If the da^s were 
.Mily of 24 hours, this would be very probable, but altogether 
absurd, if they were long periods.' 4. Such a meaning is forc- 
ed and unnatural; and therefore not to be adopted- without a 
very urgent necessity. 5. By this theory, existing species of 
animals and plants ought to be found mixed with the extinct 
species in all the fossiliferous rocks, for Moses describes only 
one creation of the different races. Now the fact that they are 
not thus mixed, shows that they could not have been contem- 
poraries. If then the Mosaic account inchides^he fossil species, 
it does not include the living species, and if It embraces the 
latter, it cannot comprehend the former. It is hence inferred, 
that the Mosaic account embraces only existing r^ces, and if 
this be admitted, there is no necessity of suppa«<ing the demur- 
gic days to be longer than literal ones. 6. If this theory be ad- 
mitted, instead of exhibiting coincidence between the Mosaic 
and the geological account of the epochs of creation, it pro- 
duces between them manifest discrepancy. For Moses describes 
vegetables to have 1>een created on the third day, but animals 
not until the fiflh. Hence about one third of the fosiiiliferous 
rocks, reckoning upwards, or those deposited during the fir^t 
three days, ought to contain only vegetables. Whereas ani- 
mals are found as deep in the rocks as vegetables : nay, in the 
lowest group, nothing but animals has yet been foiind. 7. The 
conclusion from all these statements, is, that Moses does not 
describe the fossil but only the existing races of animals and 
plants; and if so, there is no necessity for an extension of his 
demiurgic days into long periods, in order to reconcile his ac- 
count with Geology. 
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Remark. For a fuller examination of the preceding theory, Sec Fabcr*s 
TreaH^ on the Fatriarchal Leviticai and Christian Dispell satiims^ 
J)e Luc's Letters on the Physical History of the Earth : BakeweWs Geo- 
logy 2d. American Ed. p. 431). and the American Biblical Repository for 
October 1835. It ought perhaps to be remarked, that Faber, who had 
advocated this theory with great ability, bas recently given it up. Buck' 
land's Bridgwater Treatise^ VoL 1. p. 51^7. iU. Ed. 1837. 

5. Some suppose that the Mosaic account is a pictorial rep- 
resentation of the successive production of the different parts 
of creation, having truth for its fogndation, yet not to be re- 
garded as literally and exactly true. The terms employed, hovr- 
ever, are to be understood in, their literal sense. 

lUvstration. Conceive of six separate pictures, showing the work in 
different stages ol its progress. ^^ And as the performance of the paint* 
er, (says Dr. Knappj though it must have natural truth for its founda- 
tion, must not be considered or judged of as a delineation of mathe- 
matical or scientific accuracy : so neither must this pictorial representt'- 
tion of the creation be regarded as literally and exactly true.** Knapp*M 
Theology, Vol. l.p.3&l, 

Inference. Whether this interpretation of the Mosaic account 
be admissible, is a question of mere philology and cannot be 
discussed in this place : but admitting its correctness, it affords 
a solution for the apparent disrcepancy between geology aud 
revelation : For when it is conceded that the earth may have 
existed a longer time than the usual interpretation of the Mosa- 
ic account allows, there is no rea.son why the time may not be 
indefinitely extended ; which is all that geology requires. 

6. The theory of interpretation which is now the most exten- 
sively adopted among geologists, supposes that Moses merely 
states'^that God created )he world in the beginning, without fix- 
ing the date of that beginning ; and that passing in silence an 
unknown period of its history, during which the extinct ani- 
mals and plants found in the rocks might have lived and died, 
he describes only the present creation, which took place in aix 
literal days, less than 6000 years ago.' 

ArgumenU in favor of this theory with objections against it, 
1. It i9 maintained by some able writers, such as Dathe, Doe* 
derlin, &c. in Germany, Milton in England, and Prof. Bush in^ 
this country, IHat the language employed by Moses in the fir»t 
chapter of Genesis, does not mean a creation of the world out 
of nothing ; but only a renovation, or re-modelling of pre- 
viously existinor materials. (Penteteuchus aDathio, p, 8. 
Doederlinii I'heologia^ p, 485. BusKs Questions and Notts 
on Genesis.) Such writers of course admit the existence of 
the globe during an indefinite period before the six demiurgic 
days. The argil ments for their opinions may be:fb«|iid- Hi- 
their works above referred to. See also Amerii^a^ . JfilSA' ^ 
fol Repository, Oct. 1835, p. 280. 2. The phraa«|,-|fe'^**« 
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bfiglnning, is certainly indefinite as to time, and therefore 
Moses in Genesis does not fix the time of the originaf^crea- 
tion, even if we admit that he does describe that event ^aod 
therefore, it is doing no violence to his language/to admit 
this long .intervening period between the creation of the uni- 
verse and of man. If it be said, that in the fourth command* 
ment Moses does declare the creation of the world out of noth- 
ing to have been contemporaneous with the first demiurgic day, 
it may be replied, that when a writer describes an event more 
than once, his briefer description is to be explained by his more 
extended account : so that the fourth commandment is to be ex- 
pUined by the fuller description inGenesis, of the same event. 
3. This view of the first chapter in Genesis has been adopted 
in its essence by many distinguished Christian writers, long be- 
fore the existence of geology as a science : as for example, by 
Augustine, Theodoret, &c. in ancient times ; and by Rosen- 
muller senior, Bishop Patrick, 6lc. in modern times. 4. If 
such an interval be admitted, it is sufficient entirely to recon- 
cile the scriptural and geological accounts : because, during 
that period, alf the. fossiliferous rocks except the alluvia], might 
have been formed. 5. Astronomy shows us that probably other 
worlds are now undergoing slowly the process of preparatioa 
for habitable globes, in a. manner analogous to that-which is 
supposed to have taken place in the materials of the earth, an- 
terior to the demiurgic days. And thus we obtain a glimpse of 
a general principle in the universe. 6. If it be objected that 
according to Moses, the sun, moon and stars were not created 
till the fourth day,^ it may be replied that a more just interpre- 
tation of his language shows his meaning to be, not that the 
heavenly bodies were created on the fourth day, but that they 
were then first appoints 1 to serve their present offices ; and that 
they might have been in existence through countless ages. 

7. In his late able and most interesting work, On the Re* 
Intion between the Holy Scriptures and some parts of geological 
Science, Dr. John Pye Smith, who is at the head of a Theo- 
logical Institution in England, and who is distinguished for his 
knowledge of theology, biblical philology and geology, has pro- 
posed such an addition to the interpretation of Genesis just ex- 
plained as in fact to form a new method of reconciling geology 
and revelation. His principal positions are the following. 1. 
The first verse of Genesis describes the creation of the matter 
of the whole universe, probably in the state of mere elements, at 
some indefinite epoch in past eternity. 2. The term earth, as used 
in the subsequent verses of Genesis describing the work of six 
da^s, was " designed to express the part of our world which God 
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was adapting for the dwelling of man and the animals connected 
with him." 3. The narrative of the six days work is " a descrip- 
tion in expressions adapted to the ideas and capacities of man- 
kind in the earliest ages, of a series of operations, by which the 
Being of omnipotent wisdom and goodness adjysted and finished 
not the earth generally, but as the particular subject under con- 
sideration here, a portion of its surface for most glorious pur- 
poses. This portion of the earth I conceive to have been a large 
part of Asia lying between the Caucasian ridge, the Caspian 
t^etL^ and Tartary, on the north, the Persian and Indian Seas 
on the south, and the high mountain ridges which run, at con- 
siderable distances, on tlte eastern and western fianL'' (p, 285, 
Land, Ed.) 3. '* This region was first by atmospheric and geo- 
logical causes of previous operation under the will of the Al- 
mighty, brou^rht into a condition of superficial ruin, or some 
kind of general disorder." Probably by volcanic agency it 
was submerged, covered with fogs and clouds, and subsequently 
elevated and the atmofuphere by the fourth day rendered pellu- 
cid. 4. The sun moon and stars were not created on the fourth 
day: but then " made, constituted, or appointed, to be' lumin- 
aries." 5. The Noachian deluge was limited to that part of 
the world pccu)>ied by the human race, and therefore we ought 
not to expect that anj traces of it on the globe can now be dis- 
tinguished fr^m those of previous and analogous deluges. 

Rem, It is iinpofsible in this place. to present even a summarj of the 
powerful reasoning and accurate ei'idition by which Dr. Smith sustains 
the above positions in bis Lectures. The evidence in favor of several 
of them has already beea exhibited : and I shall merely state the two 
leading principles by which he supports what is peculiar in his system. 
Proof. I. In the description of the Divine Character and of 
natural phenomena, the sacred writers use language accommo- 
dated to the knowledge that existed among the people whom 
they addressed, and conformed to their notions of the universe. 
Hence, when they wished to speak of the universe to the Jews, 
they calledit the heavens and the earth. Bwx when they spoke 
of the earth only, we are not to suppose that they used the term 
in an astronomical sense, but to designate that limited part of 
it which was inhabited^ For this was all the idea which the 
mind of the jew attached to it ; since he knew nothing of the 
earth beyond those limits. Hence the six days work of crea- 
tion may have been limited to a small part of the earth's actual 
surface. 2. This view corresponds to the fact that there appear 
to have been numerous centers of creation ; both of animals and 
plants, instead of one^pot fron) which all proceeded. 3. Also 
with the fact that a considerable number of species of animals 
and plants, which were created much earlier than man, as their 
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remains in the tertiary strata show-^still survive and do not ap- 
pear to have perished since their first creation. 4. Universal 
terms are often ased (in Scripture) to signify only a very large 
amount in number or quantity ; As for instance, all the earth 
came to Egypt to buy from Joseph : for the famine was extreme 
in all the earth. Hence the terms descriptive of the deluge 
may not have literally embraced the whole earth ; but have in- 
eluded only the earth then inhabited. 

6. Some contend, that even if all the methods of reconciling 
the two records that have been described, should be regarded 
by any, as unsatisfactory, it would be premature, in the present 
state of geology and of sacred philology, to infer any real di»- 
crepancy between them : and especially to infer that the sacred 
historian is in error. 

Proof ]. Because the rapid progress of geological di8Cov«> 
ery, and the not unfrequent changes of opinion among geok^ 
gists on important points, show us that possibly more light may 
yet come from that quarter. 2. Because the exegesis of the first 
chapter of Genesis cannot by any means be regarded as set* 
fled : in proof of which, it is only necessary to refer to the 
great diversity of opinion, on many parts of this chapter, yet 
to be found among very able commentators. Hence we may 
hope fbr new light from this quarter. 3. Other apparent dis- 
crepancies between science and revelation, even more striking 
than that above examined between geology and revelation, have 
disappeared when the subjects were better understood. For 
instance, the doctrine introduced by the astronomers 200 years 
ago, that the earth revolves on its axis,- and that the heavenly 
bodies do not actually rise and set, seemed to the most acute 
and learned theologians of those times, to be in pmnt blank op^ 
position to the bible; which declares, thnt the sun also ariseth 
andgoeth down ; and that God laid the foundation of the earth 
thai it should not be removed forever. They hlsofeU the earth 
to be at rest ; and saw the heavens in motion ; so that this new 
doctrine of the Copernican system was opposed, not only to 
the bible, bnt to the senses. Yet who now susfiects any collis- 
ion between astronomy and revelation ? How premature tlien, 
to infer from a less striking apparent discrepancy between geoL- 
o ry and the bible, that any real opposition exists ! 

Second Supposed Discrepency, 

Descrip, The general interpretation of the Bible has been, 
that until the fall of man, death did not exist in the world even 
among the inferior animals. For the bible asserts that by man 

24 
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came death (1 Cbr. 15. ^l.)a»dlnf one man sin entered inte the 
world and death by sin. (Rom. 5. 12.) But geology teaches us 
that myriads of animals lived aod died before the creation of 
man. 

Solution of the difictdty. Admitting that geology does show 
that violent and painful death was in the world before the fall 
of man, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. x 

1. Not only geology, but zoology and comparative anatomy , 
teach us that death among the inferior animals did not result 
from the fall of man, but from the original constitution given 
them by their Creator. One large class of animals, the carniv* 
orous, have organs expressly intended for destroying other 
classes for food. Nor will it avoid the difficulty to suppose, as 
some have done, (although obviously iu the face of the plain 
meaning of the first chapter of Genesis,) that carnivorous ani* 
roals were not created till the time of the deluge. For other 
animals must have lived on vegetables, and in doing this, they 
must have destroyed a .multitude of minute insects, of which 
several species inhabit almost every species of plant. Much 
more difficult would it have been, to avoid destroying millions 
of animalculie, which abound in many of the fluids which an- 
imals df inky and even in the air which they breathe^. Still far- 
ther, throughout the whole range of organic nature, • vegetable 
as well as animal, decay and dissolution are inevitable aAer a 
longer or a shorter period. In this respect, the human system 
is constituted just like all other organic natures^ So that 
death appears to be ^universal law of organic being, as it exists 
on earth. Moreover, without miraculous interference for pro- 
tection, or sin entire change of the present laws of nature, ani- 
mals must have been exposed to occasional violent disorgani- 
sation : as for instance, from the falling of heavy bodies upon 
them, or from the shock of projectiles; even though there were 
no tendency in their natures to dissolution. In short, death 
could not be excluded from the world, without an entire change 
in the constitution and course of nature^ and such a change 
we have no reason to suppose, from the Mosaic account, took 
place when man fell. 2. But God could remove any race of 
animals, say man out of the world, and introduce them into 
another state, without violence, disease, or suffering ; and make 
the change, in fact, like many changes in life, a pleasant one ; 
free from those ' concomitants which now indeed constitute 
death. He has already removed a few from the world in this 
manner ; as Enoch and Elijah, and the bible informs us that 
those who remain alive at the second coming of Christy will in 
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a stmilur manner be translated and not die. (1 Corinth. 15 : 
51, 52:) This probably wonid have been the happy lot of all 
mankind, if they had not sinned. That they could not have 
continued on earth indefinitely, is certain : provided the pres- 
ent laws of their multiplication were not suspended : because 
the world erelong would have been filled. 3. The threatening 
of death to Adam for disobedience, seems to imply a knowledge 
on bis part, of what death was, that is he had seen it among the 
inferior animals : for it would be a strange legislation, that impos- 
ed a penalty of which those under the law could form no idea. 

4. The two roost striking passages of scripture, respecting the 
introduction of death into the world, have been already quoted. 
In regard to that from Romans, 5 : 12, 6y one man sin entered 
into the world and death by sin, the conclusion of the sentence*— > 
and so deiUh passed upon all men, for that aU haoe sinned-^^ 
shows that its meanincr must be limited to the human race. For 
It says, not that death passed upon all animals, but upon all men ; 
and because all had sinned, an act of which the inferior ani- 
mals, destitute of moral natures, are not capable. In like man- 
ner, the. passage from 1 Corinth. 15: 21, For since by mam 
came death, is limited to the human race by the concluding part 
of the verse : by man came also, the resurrection of. the dead. 
For the object here is to draw a contrast between Adam and 
Christ, as to tbfeir influence upon the human famHy. If the in* 
ferior aniipals are included, then they must not pnly share in 
the resurrection, but be interested in the redemption by Christ. 

5. Able writers on the bible have adopted these views in regard 
to the nature and extent of death, long before geology was 
known as a science. To quote only Jeremy Taylor. " That 
death,'* say he, " which God threatened to Adam, and which 
passed upon his posterity, is not the going out of this world, but 
the. manner of going. If he had stayed in innocence, he should 
have gone hence placidly and fairly, without vexations and afflic- 
tive circumstances, he should not have died by sickness, mis- 
fortune defect, or unwillingness, bat when he fell he began 
to die, &c." Holy Dying, p. 295. Amherst, Ed, 1831. 

Rem. For a full and able diseuflsioa of tkif whole subject, see Or. J. 
P. Smith's LmIictm an Scripture Geology, p. 96, 394, and 361. 

General Inference. It appears from the preceding statements 
first, that the coincidences between geology and revelation, 
upon points where we might reasonably expect collision, if both 
the records were not essentially true, are much more numerous 
than the apparent discrepancies : and, therefore, the presurop- 
ttoo is, that no real disagreement exists. Secondly, it appears 
that there are several modes of reconciling the lew apparent die* 
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crepaneesy which, on general principles, it would be far more 
reasonable to adopt, than to infer any real disagreement between 
the two records. And this is all that sound philosophy re- 
quires. 



SECTION X. 

THE HISTORY OP GEOLOGY. 

J ■ 

J^rin. Geology is eminently an inductive science: Now it is 
only within the last half century, that sufficient facts had been 
collected to make any important correct inferences respecting 
the canses of geological change. Hence ail the speculations of 
philosophers preyious to that time, on this subject, most hare 
been mere hypothesis ; sometimes indeed displaying great in- 
genuity, and approximating closely fo the truth, but more com- 
monly, so extravagant as to be the butt of ridicule. 

Prin, Geology is likewise dependent upon an advanced and 
accurate knowledge of chemistry, botany, and zoology ; such a 
knowledge aslias oeen attained only within the last half eentu- 
ty. On this account also, all previous speculation on geology 
must have been crude'' and fanciful. 

Inference 1. Hence the earlier hypotheses on cosmogony, 
which have been so long the subject of ridicule, ought not to be 
connected with the science of geology, as they have long been, 
to its reproach. 

Inference 9. Hence the history of the earlier hypotheses. 
Usually called Theories of the Earth, is of little importance in 
its bearing upon the science of geology ; though highly amus- 
ing and instructive, as illustrating the struggles of the human 
tnind after the truth. "A brief sketdi only will therefore be 
here given of these hjrpotheses. 

Descrip. One of the most prevalent opinions among, ancient 
philosophers, and which constituted a fundamental principle in 
^their cosmogonies, supposes the world to have been subject to 
successive destructions and renovations by fire and water. The 
Grecian philosophers, who derived their notions from the Egyp- 
tian, denominated those catastrophes the Cataclysm^ or deluge] 
and the Ecpyrosis, or destruction by fire. The interval be- 
.tween these changes was yartously estimated fr^^rp |^,00Q ^q 
360.000 years. 
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Dtscrip. Pythagoras entertaioed very accurate notions res- 
pecting the operation of existing causes of geological change on 
the globe ; such as the changes of sea into dry land, and the 
reverse ; the formation of deltas and other alluvial deposits ; 
and the formation of islands by the action of oceanic currents 
In fact, this philosopher approximated as nearly to th6 modern 
views of geologists on these subjects, as he did to those of raod«> 
ern astronomers respecting the heavenly bodies. 

Dtscrip, We find Strabo, the geographer, explaining the 
manner in which fossil marine shells were brought into their 
situation upon the dry land, in a manner that would do no dis- 
credit to a modern geologist He supposes them deposited or- 
iginally at the bottom of the ocean, whose bed was subsequently 
elevated by earthquakes and volcanic agency. 

Desdrip, In modern times, after the dark ages, science begao 
first to be revived among the Arabians. Even as early as the 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works oa mineralogy and geology, which were 
uot without considerable merit. 

Descrip, Among Christian nations, geological facts first be- 
gan to excite attention in Italy, in the early part of the sixteenth 
century. Two questions were stated respecting organic re- 
mains : First, whether they ever belonged to living animals and 
plants : Secondly, if the affirmative of this question be admitted, 
whether the petrifaction and situation of these remains could be 
explained by the deluge of Noah. 

Descrip. These questions occupied the learned world for 
nearly 300 years. ' At the commencement of the controversy In 
Italy, in 1517, Fracastoro maintained, in the true spirit of the 
geology of the present day, that fossil shells all once belonged 
to living animals, and that the Noachian deluge was too transient 
an event to explain the phenomena of their fossil ization. But 
Mattioli regarded them as the result of the operation of a cer- 
tain materia pinguis, or ** fatty matter," fermented by heat. 
Fallopio, professor of Anatomy, supposes that they acquire 
their forms in some cases, by ^ the tumultuous movements of 
terrestrial exhalations ;" and that the tusks of elephants were 
mere earthy concretions. Mercati conceived that their peculiar 
configuration was derived from the influence of the heavenly 
bodies ; while Olivi regarded them as mere " sports of nature.^ 
Felix Plater, Professor of Anatomy at Basil, in 1517, referred 
the bones of an elephant, found at Lucerne, to a giant at least 
19 feet high : and in England similar bones were regarded as 
those of the fallen angels ! 

Descrip, At the beginning of the 18th centaT^^1x^SlSfiw^s^^sQa^ 

84» 
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thaologiaiif io Eogiaod, France, Gennany and Italy, cm^agr^ 
€z;fer\y in the controveny reipeeting organic fCMaini The 
point which they diacaased with the greatest zeal, waa the con* 
nection offosaila with the del age of Noah. That theae were all 
deposited by that event, was lor more than a century the pre* 
▼tiling doctrine, which was maintained with great aasorance ; 
and a denial of it regarded as nearly eqoivaicDt to a denial of 
the whole Bible. 

Descrip, The question, also, whether Ibssib erer had an 
animated existence, was discussed in England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origin 
to '' a plastic rirtue latent in the earth." Schenchzer in Italy^ 
bowerer, in ridicule of this opinion, published a work entitled^ 
Querulft Pisciumf or the Campiaints of the Fishes; in which 
those animals are made to remonstrate with great earnestness 
that they are denied an animated existence. 

Descrip^ Such discussions, howerer, tended to lead men to 
the collection of facts ; and in 1678, we find Lester publishing 
an accurate account of British shells, to which were added the 
fossil species, undei^ the name, bowerer, of tmrbinated and 
bivalve stones. He also first proposed the construction of rego* 
lar geological maps. 

Descnn, In 1660, the distinguished mathematician Leibnitz, 
publishea hi^ " Protogaea ;" in which he developed a theory 
of the formation of the earth, and of subaequent changea in its 
crust, almost exactly like that which is now so widely adopted 
among geologists under the name of the igneous theory. 

Descrip, In the posthumous works * of Robert Hooke, an 
English physician^ published in 1668, are many views much ill 
advance of bis time, respecting geological changes and phe- 
nomena : especially respecting earthquakes and organic re* 
mains ; which, he maintains could not have been pr<xloced by 
the Noachian deluge. 

Descrip, The famous naturalist, Ray, who published in 1692, 
had similar views with Hooke : but he made improvements upon 
his predecessor ; especially in describing the effects of aqueous 
agencies in modifying the earth's surface. 
. Descrip. In most of the theories of the earth, however,, that 
appeared in England in the latter part of the 17th and the first 
part of the 18th century, a strong determination is manifested 
to connect geology with theology. This gave rise to what has 
been called the Physico-theological School of writers. In 1690, 
Burnet, published a visionary work, entitled "The Sacred 
Theory of the Earth ; containing an account of the Original of 
the Earth, and all the general changes which it hath already 
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undergone, or is to undergo, till the consummation of all 
things." This being written in an elegant style, attracted no 
little attention. About the same time, Woodward, a Professor 
in Medicine, published a theory of the earth, in which he main- 
tained that *'the whole terrestrial globe was taken to pieces and 
dissolved at the flood, and that the strata settled down from this 
promiscuous mass, as any earthy sediment, from a fluid." In 
1724 his disciple, Hutchinson, came out with the first part of 
his '' Moses' Principia ;" in which he attacked the theory of 
his master, as well as Newton's theory of gravitation : And he 
and his numerous followers maintained, that the Scriptures, 
wheu rightly understood, contain a perfect system of natural 
philosophy. This was the dogma which chiefly distinguished 
the Hutchinsonian, or Physico-Theological School ; and its 
pernicious influence on the cause of religion and learning has 
scarcely yet ceased. 

Descrip. The Italian Geologists, who were contemporaries 
of these English cosmogonists, were far more rational in their 
views. They devoted themselves with considerable success to 
an examination of geological phenomena, and rejected the vis- 
ionary notions of the English. The writincrs of Yallisneri, 
Moro, Generelli, Donati, 'Targtonij &c. discover a good deal of 
industry in observation and acnteness in reasoning. 

Descrip, In 1749, Buflbn, the French naturalist, produced 
an' elegantly nvritten hypothesis upon the formation of earth, 
based chiefly upon the views of Leibnitz already explained. 
Some of his views gave offence to the Faculty of Theology at 
Paris ; and he was compelled, like Galileo, to retract opinions, 
which at this day are maintained by geologists, with no suspi- 
cion that they contradict the scriptures. 

Descrip, About the middle of -the ISih century, some valu- 
able works were produced by Lehman, a German mineralogist, 
by the botanist Gesner of Zurich, and by Michell an English- 
man, on Earthquakes. About the same time, appeared the 
work of Catcott on the Deluge : and although of the physco- 
theological school, he gave some valuable facts relating to di- 
luvial currents. 

Descrip. Numerous other writers on geology, towards the 
close of the iSth century, might be named. But Paflas and 
Saussure were the most distinguished. The former examined 
the mountains of Siberia, and pointed out the order in which 
the rocks there occur. 'The latter spent most of his time in 
studying the nature of the Alps, and provided valuable materi- 
als for his successors. 

Descrip, In Germany, France, and Hungary, schools have 
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long existed for giving instruction in tbe art of mining. In 
1775 Werner was appointed professor in one of these institu- 
tions, at Frejrberg, in Saxony : and in his lectures he attempt- 
ed certain generalizations, in regard to the position and origin 
of rocks, that were very extensively adopted, and for a long 
time excited much controversy. He supposes that all rocks, 
the unstratified as well as the stratified, were deposited by water ; 
and that originally every formation was universal on the globe : 
and that veins were filled by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denominated the Neptuni- 
an Theory. 

Descrip, Nearly at the same time, a Scotch geologist by the 
name of Hutton, published a Theory of the Earth, opposed in 
most respects to the doctrines of Werner. He supposes that 
the rocks which form our present continents were derived 
from the ruins of former continents: which were abraded 
and carried into the sea by the agency^ of running water ; just 
as the same agency is now spreading over the bottom of the 
ocean, deposits of mud, sand, and gravel. Aflerwards the un- 
Btratified rocks, in a melted state were protruded through these 
deposits, by which they were consolidated, rendered more or 
less crystaline, and elevated into their present condition. 
Many of the fissures also, were filled with metallic and other 
matter, injected from beneath. When our present continents 
are nearly all worn down, Hutton supposes this process of con- 
solidation and elevation may be repeated. Indeed, in these 
changes he sees *' no traces of a beginning, no prospect of an 
end." Professor Playfair, however, in his illustration of this 
theory, endeavors to show that Hutton did not mean by such 
language that the world is eternal : but only that geology, 
like astronomy, does not disclose to us the time when this 
aeries of changes commenced. 

Descrip. These rival hypotheses excited, a great deal of dis- 
cussion, both on the European continent and in England, for a 
great number of years. The final result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
far as the unstratified rocks are concerned ; while that of But- 
ton, denominated also the Plutonian theory, has, in its essen- 
tial principles, been adopted by most geologists of the present 
day. 

Descrip. Daring these discussions between the Neptunists 
and the Plutonists, a humble individual in England, Mr. Wil- 
liam Smith, was accomplishing more for geology than a11 its 
learned professors. He explored the whole of England on foot ; 
and ia 1790, published a*VTabdar View of the British Strata," 



LONDON GEOLOGICAL SOCIETY. 381 

in which he classified the secondary rocks : and although not 
accquainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist He also ascertained that strata, somewhat remote from 
one ianother, could be identified by their organic remains. By 
extraordinary perseverance, he was able, in 1815, to publish a 
geological map of the whole of England. 

Descrip. One important effect of excessive theorizing, was 
to produce an almost universal scepticism in unprejudiced phi- 
losophical minds in respect to all geological hypotheses ; and 
to make them feel the importance of amassing facts. Out of 
these feelings grew the London Geological Society, which was 
founded in 1807 ; and which has contributed more than any 
other public institution, to advance the science. This Society 
selected a sentence for their motto, from the Novum Organum 
of Lord Bacon, which invites '* those to join them as the true 
sons of science, wbo have a de^jire, and a determination, not so 
much to adhere to things already diseoverd, and to use them, 
as to push :f<^rward to farther discoveries; and to conquer ua^ 
tu re,, not. by disputing an adversary, but by labor; and who, 
finally, do not inditlge in beautiful and probable speculation, 
but endeavor to attain certainty in their knowledge." 

Descrip. The example thus set in England, has been follow- 
ed in nearly every^ part of tjhe civilized world ; and geological 
societies, both local and national, have been formed in, so great 
numbers, |hat even their names cannot here hti given. The 
L*ondon Geological Society has already produced eight quarto 
volumes of transactionsf Many of the ablest philosophers of 
the age have devoted themselves to geological researches : and 
have applied the principles of induction with great success : s0| 
that probably no other science has made so rapi;l advances 
within the last half century, as geology. Very numerous geo- 
logical collections have been formed in almost every part of thet 
civilized world: accurate geological maps^have been construct- 
ed, of nearly all Europe: and much interest is felt in the sub- 
ject among all classes of the community. 

Descrip. The rapid progress of the collateral branches of 
science,, and their successful application to palaeontology, are 
to be regarded as among the most important meaiie by which 
geology has been thus rapidly advanced. The most important 
application of this sort, was that of Comparative Anatomy, to 
determine the character of organic remains by the Baron 
Guvier, in his great work entitled, Ossemens Fvssiles, S^c. in 
7 quarto volumes ; first published in 1812. Numerous success- 
ful applications have alsob^n made of the discoveries in thi^ 
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▼arious departments of zoology and botany, to the same object : 
the result of which has been, the great works of Goldfuss, 
Sowerby, Bronn, 6lc. on petrified molluscs, zoophytes, 6lc. : 
that of Agassiz on fossil fislies ; and those of Adolphe Broug- 
niart and of Lindley and Hiitton, on fossil plants. The splen- 
did work of Cuvier and Alexander Brongniart '* on the mineral 
geography and Organic Remains of the neighborhood of Paris/' 
published in 1811, constituted an era in geology ; because it 
directed the attention of geologists to the tertiary strata, from 
which they have since gathered so rich a harvest. 

Descrip, The present state of facts and th(K>ries in gt(Aogf 
may be learnt from the preceeding pages. Very many of the 
principles, which are now regarded as belonging to the sciencf*, 
may be considered as settled, as much as they are in most phys- 
ical sciences : though some of them may doubtless experience 
slight modifications. A few points of importance yet remain 
in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, thau concerning diluvial action. In- 
deed, the whole history of opinions on this subject is very in- 
structive. When the subject was first discussed, as much as 
300 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a deluge any part of the earth'ii surface 
exhibited, or even of the former presence of the ocean on the 
land, all must be referred to the deluge of Noah. Nay it was 
soon maintained that the whole solid framework of the globe 
was dissolved and re-deposited by the diluvial waters. One iT^ 
ter another have these extravagancies of hypothesis been given 
up, and nearly all geologists have come to the conclusion, 
though without denying the occurrience of the Noachian del- 
uge, that no certain marks of that event are now to be discov- 
ered on the globe. Nay, the question now is, whether there is 
any evidence of the occurrence of a general flood at any 
epoch. Not a few believe that no such evidence exists : while 
those who admit of a general deluge, for the most part, regard 
it as having taken place anterior to man's existence on the 
globe. But afler centuries of discussion on this subject, it if 
just beginning to be found out, that the facts are yet too im- 
perfectly known to form the basis of a sound conclusion : and 
geologists are now busily employed in examining^ and digesting 
the facts. 

Descrip, In American mineralogy and geology, almost liter- 
ally nothing had been done at the commencement of the nine- 
teenth century A few individuals indeed, among whom may 
be mentioned Dr. Seybert, of Philadelphia, Dr. S. L. Mitchell 
ef New York, aqd Dr, B Waterhouse of Harvard Unirersity, 
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had commenced, rather earlier than this, to make conections, 
and to call the public mind to these subjects. But the retur:: of 
Mr. D. D. Perkins, and of Dr. A. Bruce from Europe, in 1802, 
and 1803, with beautiful colle«Uious, and of Col. Gibbs in 1805, 
with his splendid cabinet, began to awaken more interest ; so 
that ere long courses of lectures upon them were introduced 
into several of our colleges. In 1807, William Maclure return- 
ed from Europe, and commenced single handed, the Herculean 
task of exploring the geology of the United States ; and after 
several years of labor, during which he crossed the Allegany 
range of mountains at different places not less than fifty timesi 
he actually produced a geological map of this whole country ; 
which, though it gives only the Wernerian classes of rocks^ 
forms a most valuable outline, and is a monument of great indus- 
try and perseverence. In 1810, Dr. Bruce commenced his Min- 
erolojgrical Journal, the first scientificjournaJ ever undertaken in 
this country. But though ably commenced, it reached only the 
fourth number, in consequence of the sickness and death of its 
editor. In 1848, Professor Silliman, who bad long been among 
themoht distinguished and successful pioneers and teachers of 
these sciences, commenced the American Journal of Scieuce ; 
a work which has been continued, often at great personal and 
pecuniary sacrifices on the part of .its 'editior, till it has now 
completed its 38th, volume; and which has been a most effi- 
cient means of promoting, pot only mineralogy and geology » 
but all the physical sciences in the United States. In this con- 
nection, the valuable ElementaryTreatiseon Mineralogy and Geo- 
logy by Professor Cleveland, another, of the early and distinguish* 
ed cultivators of those sciences in this country, ought to be men- 
tioned. It was published in 1816 ; and ibr n long time contin- 
ued to be almost the only American werk^on these subjects of 
any importance. 

Descrip. In 1818, the American Geological Society was or- 
ganized. But it has never accomplished much for the science ; 
not having published any separate volume of transactions. The 
Academy of Natural Sciences at Philadelphia, the Lyceum of 
Natural History at New York, and the American Academy of 
Arts and Sciences at Boston, have from time to time given valua- 
ble papers in their transactions on mineralogy and geology; while 
several societies of more recent organization, but limited to par- 
ticular districts of country, have been still more devoted to- 
these subjects. The want of a general organization for the 
whole country, has long been felt to be a most powerful obsta- 
cle to the progress of Geology : and in April 1840, those gen- 
tleman who are engaged in the state surveys, met in Phili^el- 
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phia, and formed themselves into the Association of American 
Otologists, Their second annual meeting is to be in the same 
city, on the first Monday of April, in 1841. 

Descrip. An important feature in the history of Americaa 
geology, is the numerous Ge«ilogical surveys that hare been ex- 
ecuted, or are still in progress, under the patronage and direct 
tion of the state authorities, as well as the United States Gor* 
ernment The leading object of these surveys, is to develope 
those mineral resources of the country, that are of economical 
value. But with a commendable liberality, the Legislatures have 
encouraged accurate researches into the scientific geology, and 
sometimes also into the botany and zoology of the several states. 
So numerous have these surveys become, that I may not be able 
to give in all cases their entire history up to the present time ; 
but since they constitute an important era in our geology, I shall 
give all the useful facts within my reach. 

Descrip. The first survey, authorized by the government of 
a state, was that of North Carolina ; which was committed to 
Professor OlnMed,' who made a valuable Report in two parts, 
the first in 1834, and the second in 1825 ; in which, the eco» 
nomieal geology of a considerable part of the state was given 
in a pamphlet of 141 pages. 

Des. The survey of Massachusetts was proposed by Gov* Lin- 
coln in 1830, and commenced the same year by the author of 
this work. The first Report on the Economical Geology of 
the State was made in 1832, in a pamphlet of 70 pages. In 
1833, a full report on the whole-subject was made, -in a volume 
of 702 pages, with an atlas of plates dnd a geological map ; of 
which a second edition was directed to be printed in 1834. 
In 1837, on recommendation of Governor Everett, a farther ex*^ 
amination of some parts of the geology of the state was or- 
dered : and in 1838 a report of this re-examination, embracing 
only the economical geology, was made in a pamphlet of 139 
pages. The final report is now in the pre^n ; and will form a 
quarto volume of 500 pages, with 50 plates and about 200 wood 
cuts. The report of 18^, embraced also the zoology and bot- 
any of the state ; and when the re-examtnation was ordered, 
these departments were committed to Professors Dewey and 
Emmons : Rev. W. O. B. Peabody, Drs. Harris, Gould, and 
Storer ; and George B. Emerson Esq. who made a report in 
1838 of 107 pages, reserving a full report for a future occasion. 
That by Dr. Storer and Mr. Peabody has appeared in a volume 
of 416 pages. 

Descrip. Tennessee was only two or three years later than 
Massachusetts in commencing a geologicfd survey, under the 
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superintendance of Professor Troost. In 1839 he had made- 
fiT^ annual reports, the three last of which were pamphlets of 
32, 37, and 75, pages ; with t geological map of the whole 
state in that of 1839. 

Descrip, In 1834, Professors Ducatal and Alexander were di- 
rected to make a Reconnoissance of the state of Maryland ; 
and their report the next year was a pamphlet of 38 pages. 
This survey embraces the topography ; of which Prof. Alexan-- 
der has charge. In 1836 these gentlemen had made three an* 
nual reports in addition to the Reconnoissance : with six large 
folded maps. 

Deserip. G. W. Featherstonehaugh in 1834, received a com- 
mission from the Government of the United States, to examino^ 
geologically ** the territory of Arkansas and the adjacent 
public lands,^' His first report of 97 pages, with : ^n exten-. 
sire geological section, embracing 1600 miles, appeared in 
1835, and his second of 168 pages, with four sections, in 1836. 

Descrip, The first Report oti the geology of New Jersey, waa 
made by Professor Henry D. Rogers in 1836, in a pamphlet ot 
188 pages, with extensive sections ; the survey having been or*; 
dered tlie preceding year. His final report is now in the press 
and will be acconlpanied by a geological map of the state. 

Descrip. Th« survey of New York was commenced in 1836.. 
It embraced zoology and botany as well ^as geology ; ; and was put 
into the hands of four principal geologists, viz.- Profs. Mather^ 
Vanuxem, and Emmons with Mr. Conrad, who were to employ- 
each an assistant ; one botanist viz. ProTl Torrey ; one zoolo- 
gist, viz. Dr. J. E. De Kay ; and one chemist^ viz. Professor 
L. C. Beck. Subsequently Mr. Conrad was appointed Palaeou? 
tologist to the survey ; and Mr. J. Hall took his place as geolo- 
gist. These gentlemen made their first report in 1837, in a 
pamphlet of 213 pages, their second report in 1838, of 384 
pages; their third report in 1830, of 351 pages;, and their 
fourth report in 1840, of 484 pages. 

Descrip. The first Report, which was a Reconnoissance of 
the geology of Virginia, was made by Prof. Wm. B. Rogers in 

1835, of 36 quarto pages : His second Report, in 1836 of 30 
pages ; his third in 1837 of 54 pages ; his fourth in 1838, of 
32 quarto pages ; and his fiflh in 1839 of 161 pages. Prof.. 
Rogers is aided in this work by five assistants : two of whom 
are occupied in the chemical laboratory. 

Descrip. A survey was directed of the state of Maine in 

1836, under the care of Dr. Charles T. Jackson. He made his 
first Report in 1S37, of 128 pages : His second in 1838, of 
168 pages ; and his third in 1639, of 340 pages. The work if^ 

25 
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now suspended, at least for a season : though it is hoped that it 
will not be finally abandoned. Dr. Jacksou had also a com- 
mission from Massachusetts and Miine, to examine the un« 
settled lands owned by them jointly, and he has made two Re- 
ports on this subject in 1KI7 and 1838. 

Descrip. The Surrey of Connecticut was commenced in 
1835 ; and committed to Dr. J. G. Perci%al for the geology, and 
to Prof. G. U. Shepard for the mineralogy. The latter gentle- 
man made a report in 1837, of 188 pages. Dr. Percival has 
not yet made his report* 

Descrip. The Survey of Pennsylvania was begun in 1836^ 
by Prof. Henry D. Rogers ; who the same year made a Report 
of 22 pages : and in 1837, another of 93 pages '«. also one id 
1838, And another in 1839 of 252 pages. Prof. Rogers has five 
assistants, one of whom is devoted to the laboratory; and four sub 
assistants. 

Descrip, The first Geological report on the State of Ohio, 
was submitted to the Government in 1839 of 134 pages. This 
survey is under the direction of Prof. W. W. Mather, as princi- 
pal geologist, aided by Dr. S. P. Hildretb, J. P. Ktrtland, and 
Locke, and Professor Briggs, J. W. Foster, Esq. and Col. J* 
W. W^iittlesey. The latter gentleman has charge of the topo* 
graphical department, and Drs. Kirtland and Locke of ^lhe 
Zoology and Botany. Their second Report in 1838 contains 
286 pages with numerous drawings. This Survey is for the 
present suspended. 

Descrip, In Delaware the work was commenced in 1837, by 
James C. Booth, 'Esq. who has made two Annual Reports, id 
1888 and 1839, in a pamphlet of 26 pages, and his final report 
will soon appear. 

Descrip. In Michigan, the Survey was committed to Doug- 
lass Houghton, Esq with two sub assistants in Geology, one 
assistant in Zoology, one Botanist and Zoologist, and one 
Topographer and Draughtsman. In 1838, the first Report 
appeared of 37 pages : In 1839, the second Report of 123 
pages : and in 1840 the third Report bf 124 pages. 

Descrip. The survey of Indiana was commenced in 1837, 
by Dr. D. D. Owen ; who in 1838^ produced his first Report of 
34 pages; and in 1839, his second Report, of 54 pages. 

Descrip. In 1839, the Legislature of Rhode Island com- 
missioned Dr. Charles T. Jackson to make a Geological and 
Agricultural Survey of that State, and his Report is now in the 
presit with a Geological mop. 

Deecrip. Some three or four years since, the Government of 
Georgia appointed Mr. John R. Cotting, to make a Geological 
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Surrey of that State. But I have not learnt that he has made 
any Report, and do not know what progress has been made in 
the work. 

Descrip. In 1838 the Legislature of Kentucky directed a 
Geological Reconnoisance of the State to be made, preparato* 
ry to a more accurate survey. This was executed by Prof^ W. 
W. Mather, who reported at the close of the year in a pamph- 
let of 40 pages. But I believe the work has not yet been 
prosecuted farther : although the deTelopments made in Prof. 
Mather's Report, of the mineral resources of the state, are 
such that there can hardly be a doubt but the survey will 
be continued, by a people as intelligent act those of Kentucky. 

In 1839, Dr. D D. Owen was comroisisioned by the Govern- 
ment of the United States, to examine the Territory of Iowa : 
or at least, its most promising mineral districts. The work wai 
proilecnted hf Mr. Owen with as many as 40 assistants; and a 
large collection of specimens were forwarded to Washington in 
the winter of 1840: But I have not learnt whether his report 
has been printed. 

Result, Thus it appears, that including thosis ordered by the 
Government of Ihe U. States, twenty surveys hare been onder« 
taken in this oanntry, only one of which is yet entirely coni« 
Dieted and the final report published : viz. that of North Caro- 
lina, which was finished several years before another was com 
menced. In Massachusetts, Connecticut, Rhode Island, New 
Jersey and Delaware, the 'field work is closed, and the final re* 
ports, will soon appear with -geological maps. The fmnual re- 
ports which have been noticed above, are almost exclusively 
confined to the economical gaology : so that a vast mass of facts 
of great scientific interest, must be in the hands of the survey* 
ore, which will appear in their final reportjk It is their inten- 
tion also, in all cases to prepare geeiogieal maps. Hence W9 
may hope, that in the end, we shali have an accurate geologi- 
cal map of the whole United States. For the above mentioned 
States co^er an areia of 652.855 square miles : and in some of 
the States not named above, efforts have been made towards 
effecting a survey ; and we have reason to hope that ere long 
it will be done in every state in the Union. 

Descrip, It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were undertaken, 
the late Hon. Stephen Van iRensselaer, with great liberaFity and 
munificence, directed a geological survey to be made of the re* 
gion bordering upon the Erie Canal ; and that Mr. Amos E«i- 
ton, who was employed, made a report of .163 pages in I824j 
with an extended section from the Atlantic to Lake Erie, 
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DescHp. Prerioas to the yeir 1833, the Gererninent of 
• Fraoee Inid ordered a Geological Map. of the whole kingiloiii to 
be constructed : and the work haa since been execot^ by M . 
M . Elie de Beaamont and Dafrenoj. 

Descrip. In his Anni? eraary Addreaa befiire the London Ge- 
ological Society in Febuary 1836, (Pkiloi. Mag. VpLS.SdS^ 
Ties p. 568.) Mr. Lyell sajs, "Early in the Spring of last 
year, an application was made by the Master General and Board 
of Ordinance, to Dr. Buekland and Mr. Sedgwick, aa Profess- 
ors of Geology in the Universities of Oxford and Cambridge ; 
and to myself, as President of the Geological Society, to oiier 
oar opinion as to the expediency of combining a geological 
examination of the English ConnOes with the geographical sur- 
reys now in progress.** The plan was adopted ; and H. L* De 
la Beche coaimisioned to make the Survey. lo 1839 he made 
: a Report on the Geology of Cornwall, Deron^ and West Sooi- 
erset, in a volume of 684 pages,- with 12 Plates. 

Inf. Those whose recollection enables them to compare the 
state of geological science 30 years ago with its present condi- 
tion» and the dmost universal interest now taken in it, with 
tha almost entire absence af all interest -or knowledge on the 
subject then^ will hardly venture to predict what will be jts con- 
dition 30 years hence. 



SECTION XI. 

■ 

OBOGaAFBICAL 6XOLOOT. 

Def. By Geographical Geology I mean a description of the 
geology of different countries of the globe. Like sample ge- 
ography, this must be very imperfect in regard to many coun- 
tries. Indeed, the geology of some extensive regions must be 
considered as toolitUe known to admit of description. 

EUROPE. 

England* 

Rem, The rocks of no country on the globe have been stud- 
ied so carefully and successfully as those of England. Indeed, 
the descriptions of rocks in general, given in this treatise, is 
based upon those of Great Britian : and, therefore, little more 
will here be needed, than to describe briefly their distribution 
in that country. 
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Descrip. The primary rocks are confined chiefly to the west 
or mountainous parts of England, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast. The uiistratiiied rocks are mostly confined to the west- 
ern districts, as are Ihe Cambrian and the Silurian Groups. 
The Estuary of the Thames contains the principal deposit of the 
tertiary strata. 

Drscrip, Probably coal is the most important mineral found 
in England ; and that country is remarkably well supplied with 
it. Conybeare and Phillips describe five great coal districts « 
1. That north of the Trent: 2. Central Coal District : 3. West- 
ern Coal District : 4. Middle Western, or Shropshiie ; 5. South 
Western. Some statements, however, have already been made 
in respect to the coal deposits of England, on page 58. The 
annualamount of coal dug and consumed in England and Ire- 
land is about 15.500.000 tons, 

Descrip, Extensive deposits of iron often accompany the coal 
of England ; as well as the limestone necessary for smelting 
the ore ; and the firetones for the furnaces-; while the coal sup- 
plies the fuel. In 1899, the amount of iron manufactured from 
ore in England, was 1.312.000 tons. Mining Review, Dec. 1839, 
p. 182. 

Descrip. England contains several mining districts whers 
other metals are found ; the chief of which are, copper, tin, 
lead, and antimony. In Cornwall and Devon, the mines of 
these metals are in primary or transition rocks. Rich lead 
mines with copper and zinc, are also found in the mountain 
limestone in England and Wales. The amount . of oxide of 
tin raised in 1839, was 4868 tons. Mining Review for TeVy. 
1840. p. 14. The amount of lead in 1835, was 46,112 tons, 
and the amount of copper in 1837, was 11.209 tons. 

Descrip. In the New Red Sandstone at Northwich, is a valu- 
able deposit of rock salt, the two beds being 60 feet in thick- 
ness and a mile and a half long.. The salt springs at Droit- 
wich produce 700.000 bushels of salt yearly, and the whole 
amount in all England, is 15.000.000 bushels. In tbe London 
clay, the septaria produces the valuable Roman Cement ;. which 
is carried all over the world. Many other valuable minerals 
exist in the rocks of England, which cannot be here specified. 

Scotland. 

Descrip. Scotland is much more mountainous than England, 
25* 
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and is composed' generally of primary and older secondary 
rocks. All the varieties of the former occur here, and are ful* 
ly developed. They consist of granite, sienite, porphyry, trap, 
and serpentine ; which are unstratified, and of gneiss, mica 
slate, quartz rock, and clay slate, which are stratified. The 
secondary rocks are graywacke, old and new red sandstone, 
mountain limestone, coal formation, lias and oolite, which are 
covered with diluvium and alluvium. 

Descrip. The amount of iron smelted in Scotland in 1839, 
was 200.000 tons. Copper, load and silver, are also obtained 
there. The annual value of lead is about 603.000, and of the 
silver, $44,400. Several important coal fields exist, which fur- 
nish a large supply. The Mid Lothian coal fields produce an- 
nually 390.000 tons ; and they are calculated to contain 2250 
millions of tons : which would supply the whole of Great 
Britian, which annually consumes 30 millions of tons, for 75 
years. Mining Review, Oct, 1839, p. 149. The Brora coal 
is said to be in oolite : but its quality is poor. 

Descrip, The Western Islands of Scotland are remarkable 
for unstratified rocks, which produce much wild and interest- 
ing scenery. See MaccullocTCs Western Islands, in three Vol" 
umes. London, 1819. 



Ireland, 

Descrip. All the primitive and older secondary rocks, both 
stratified and tinstratified, occur in Ireland on an extensive 
scdie. Chalk also is found beneath the trap. Perhaps the most 
striking feature of Irish geology is the vast deposit of trap in 
the northern part of the island. It occupies an area of 800 
square miles, and is .545 feet in average thickness. Where it 
extends to the coast, it exhibits the famous columns, which con- 
stitute the Giant's Causeway and Fingal's Cave : the latter being 
upon the island of Staffa. The chalk on which this trap rests, 
is often changed into granular limestone. Beneath the chalk 
lie green sand, lias, and variegated Marls. 

Descrip. Ireland contains several coal fields. Nearly all 
that in the Province of Munster is anthracite ; which is used 
to some extent for burning lime. The other basins produce bit- 
uminous coal- The peat bogs in that country occupy it is said, 
more than one tenth of the whole island, and are from 15 to 
25 feet thick. Iron is also wrought to some extent ; as are 
copper and lead : The single mine of Allihies produces more 
than 2000 tons of copper annually; and those of Coonbane 
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and Tigrony, in 181 1 produced 1046 tons. Native gold also oc« 
curs in considerable quantity. 

Denmark, 

Descrip, This low and flat country is composed almost en- 
tirely of deposits of Weald Clay and Chalk, covered by tertiary 
and diluvial strata ; and these in their turn often by diluvium. 

Descrip. Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of ignige- 
nous rocks of two eras: the first that of dolerite or greenstone.; 
and the second, that of modern volcanos. Some of the most 
terrible eruptions of modern times have occurred in Icelaint. 
The amygdaloidal rocks of these islands are celebrated for tbe 
splendid zeolites which they afford. 

Sweden, Norway and Lapland. 

Descrip, These extensive countries form the ancient Scan- 
dinavia. It is rough and mountainous, and the rocks are most- 
ly primary, with the older secondary ; though chalk is said to 
occur : and in Sweden some recent tertiary strata. The moun- 
tains are mostly gneiss . with mica and talcose slates, and in 
JN'orway are extensive deposits of porphyry and sienite. But 
the diluvium or bowlder formation that is spread over this 
country, is perhaps the most remarkable in the whole series. 
This however has been already described in a preceeding Sec- 
tion. I would only remark here, that diluvial phenomona ijfi 
Scandinavia appear to resemble those in New England more 
nearly than in any European country. And there is a good 
deal of resemblance in the rocks and minerals; especially be- 
tween those of Norway and New England. 

Descrip. The mines of Sweden have long been well known. 
Those of gold and silver yield much kss now than formerly. 
Those of Kongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific : that of 
Fahlun alone yielding annually 510 tons. Cobalt is also 
wrought in several places. From the sulphurets of iron and 
copper sulphate of iron or copperas is manufactured in large 
quantity. In Sweden and Norway 120,000 tons of iron were 
manufactured in 1839. The immense beds of fron are usually 
connected. with the gneiss. Extensive quarries of granite, mar- 
ble, and porphyry ,-^the latter the finest in Europe, are also 
worked. 
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Holland and Belgium, 



to 



Descrip, These countries are proverbial for the flatness of 
their almost entire surface; although some parts are hilly. 
But much of the land lies even below the level of the sea, and 
is defended by dykes. As might be expected, no primary rocks 
occnr : nor any unstratified rocks. Clay slate is the oldest ; 
.andmostof these secondary strata are superimposed upon this, 
with one or two tertiary basins, find a coat of diluvium. 

Descrip, Both anthracite and bituminous coal are found in 
Belgium ; the latter in great abundance. In 1837 ber 250 
coal mines yielded L600.000 tons : and the iron mines in 1839, 
80.000 tons. Mining Review for July^ 1838 p. 109 ; mdfar 
January, 1840. p, 6. 



France. 

Descrip^ This extensive country, embracing an area of more 
than 200.000 square miles, is generally level : though in its 
central parts mountains rise 5000 or 6000 feet i and the high- 
est mountains of Europe, the Alps, are on its borders. Near- 
ly all the stratified and unstratified rucks, from the oldest to the 
most recent, are found here. The carboniferous strata are far 
less extensive than in England : but the new red sandstone, and 
the jura or oolitic limestones form extensive tra.qls. Chalk al- 
so occurs in vast abundance : and there are not Jess th^in six 
extensive basins of tertiary deposits. Diluvium ^s abundant, 
and interesting by the remains of extinct animals, especially the 
pachydermata. But perhaps the most remarkable of the for- 
mations is the district of extinct volcanos in Avergne ; which 
has long been classic ground for the geologist. The rocks are 
trachyte, basalt, and tufa. 

Descrip, In 1837, the one hundred and ninety eight coal 
minesof France produced 1. 150.000 tons of coal ; and her iron 
mines 600.000 tons of ipon in 1839. {Mining Review, July, 
1838 and Jdn'y, 1840.^ Her lead mines yield annually about 
1525 tons, and her silver mines about 2800 pounds Troy. Be- 
sides these, th^e are mines of copper, antimony, manganese, 
alum, and vitriol. Cobalt, arsenic, nickel, and tin, also occur in 
small quantity. Quarries of marble, slate, gypsum, flint, and 
buhrsfbne, are likewise extensively wrought. 
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Spain, 

Descrip, The surface of Spain is strikingly irregular ; some 
of the mountains, as the Pyrenees, rising more than 11.000 feet 
above ihe ocean. The central axis oi theite mountaius is usu* 
ally primary, or older secondary rocks ; both sirajified and un- 
straliiied. The middle secondary , strata, however, sometimes 
rise ta a great elevation, as in the Pyrenees. The more recent 
ne^ndary, even to the chalk, as well as tertiary deposits, occur. 
Around Olot in Catalonia is a region of extinct volcanos, occu- 
pying 20 square leagues, according to Maclure, who first point- 
ed it out. {Lytir$ Principles of Gflogy, Vol. 2. p. 325) 

Deserip. Lead occurs in great quantity in Spain : one dis- 
trict yielded in 1828 no less than 30.000 tons. This deposit 
is io transition limestone. There are alao rich quicksilver 
.mines- in clay slate. An- extensive deposit of rock salt exists 
at Cardona, in the cretaceous rocks. The iron smelted in 1839, 
was only 18.000 tons, although ihe ores are said to be very 
abundant. Extensive deposits of coal are found in the province 
of A8turiaa4 . The sandsof the river In this country have long 
bee9 knowa as yielding, gold. 

;. Portugal. 

Ikserip. The geological ss^fticture of Portugal is similar, to 
Ihat of Spain: the older stratified and unstratified rocks con- 
stituting the QioiijBtsins. Gold occurs in tlie sands of a few 
of the riverSyi^ Is still sought, biit with small success. There 
are also mii^ of coal, of graphite, of iron, and of quicksil- 
ver ; and formerly tin was explored, « 

Italjf. ... i 

• • 

Dfsrrip. Italy contains the loftiest mountains in Europe, 
viz. a part of the Alps, including Mount Blanc, St. Bernard, 
sad the Apeanine chain. Between these mountains are most 
beautiful plains. The Apennines are made up in a good meas- 
ure of limestone, belonging to the newest of the primary, or the 
oldest of the secondary rocks : though in some parts are slate, 
euphotide, and gabbro. The sub-il pennine hills» at the base 
of the Apennines, are composed of tertiary sirata, often con- 
taining species of shells such as now exist in the Mediterranean : 
And there is evidence that the Apennine chain has been eleva- 
ted 30QO or 4000 fe^t siiH3« the deposition of these tertiary strsr 
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ta. In Cal:ibria, granite, gneiss, and mica slate exist. Primary 
rocks occur also in the Alps and on the island of Sicily : though 
most of the rocks on this island are secondary and tertiary. 
Most of the English newer secondary rocks occur here. In 
this island, also, is volcanic Etna, nearly lO.(KM) feet high. On 
the main land, Vesuvius is the only acting volcano, nearly 4000 
feet in height : though near Naples is a Soifaiora^ which con- 
tinually givesoff gases and vapor. Brocchi estimates the nam- 
her of craters of extinct volcanoies in the vicinity of Naples, at 
ft7. The Lipnri Islands, as also Procida and Ischia, are all of 
Tolcanic origin ; and among the former is the perpetoally aetire 
Tolcano, Stromboli. In Corsica and Sardinia, the prevailing 
rocks are primary and the oUler seeotidary. Jara limestone, 
however, is found there ; and in Sardinia, are teniary strata eov« 
ere«l by diluvifim with volcanic rocka. Malta and Cloro are 
chif*fly composed -of soft limestone. Alons{ the shores of the 
Mediterranean a#e deposits of alluvium ; and in the (isaores and 
eaverus of the rock«, is a calcareous deposit, called bone breo- 
cia, made up *of the fragmeuta of the bones of extinct aniraak. 
cemented by carbonate of lime. 

Dfsrrip, Italy has long been celebrated for its roarUea, sueb 
as the Carara.. the Pentelic, Lumachella, ^cx; Coal oocura 
there, but is not abundant. In the province of Coserta, are 
extensive beds of rock salt. Silver, lead, copper, and iron, haTe 
been wrought : the latter especially. In 1839, Italy, with the 
islands of Elba and' Sardinia, produced 50.000 tons of iron. 
The iron mines of Elba have been wrought fVom the earl ieiii 
times. Sicily has long supplied miarly all Ettropewith snipbur, 
dug from the tertiary clays. 
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Desrrip. The geology of this country of mountains has belftn 
explored by many of the ablest geologists of Europe, commen* 
•cing with Saussore. And although its structure is complicated, 
it has afforded many fine illustrations of geological principled. 
The central parts of the Alps are primary : or gneiss, micaalate, 
talcose slate, hornblende slate, and limestone. In the gneissi 
talc often replaces the mica ; and the rock is then called proto^* 
gine: of which Mount Blanc is formed. On the fliuks of the 
mountains are de|)OHits of new red sandstone, liaa, oolite, green 
sand, chalk, and tertiary strata ; over which are accomulationa 
of diluvium. The tertiary rocks are from 2000 to 4000 feet 
above.the ocean ; and mark the height to which these moun- 
tains have been raised since those strata were deposited. All 
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the older unstrati6ed rocks, as granite, sienite, porphyry, aod 
greenstone, are found in the Alps. 

Germany^ 

Descrip, The south western, and. eastern borders of Ger« 
many, consist of lofty mountains of primitive r^ks : which 
occur also in several places more central, as in the Harix 
Mountains. Secondary rocks occur in many places ; though 
relatively less abundant than in Great Britian. Yet nearly all 
the fossil iferous rocks of Great Britian are found in Germany, 
and in the same relative position : A part of the extensive 
plains of northern Germany is composed of tertiary rocks, cov- 
ered with diluvial detritus from Scandinavia As many as four 
other tertiary basins occur in Germany. Indeed, nearly every 
stratified rock that has been found in any part of the world, ex- 
ists in Germany. 

Descrip, Several coal deposits are found in this country^ 
which annually produce about 1.000.000 tons of coal. Salt 
and Gypsum, are also found in the new red saqdstone and of 
the former, the annual produce is 157.500 toh«...The amount 
of iron manufactured in 1839, .in Germany^ was''9bout 300.000 
tons: of which Austria prodi^ced 100;000; Prussia the same, 
and the Ilartz Mountains, 70.000. The annual produce of the 
gold mines of Germany, is 182 marks : of Sdyer, 12!^00Q 
mark.s: of Copper, 1950 tons: of.Lead, 9560 tons : of Tin» 
400 Tons: of Mercury ^aqd Cinnabar, 699 Jtpns: of Cobalt, 
825 tons: of Calamine, 4l40 tons : of Arsenic, £30 tons : of 
Bismuth, 75 tons : of Antimony,- 120 tons : of Manganese, 90 
tons. Indeed, this country is the most remarkable one in Eu- 
rope for mining operations, and for the scientific skill with 
which they are conducted. 

» ■ * • 

Hungary with Trcmsylvania, Sclavonia^ Croatia, and the 

Bannat. 

Descrip. This extensive region has the Carpathian mountains 
on its north atid eastern border, and the Julian Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rocks occur in several places ; but they are not relatively very 
abundant. Nearly all the secondary and tertiary stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and allnvium. The cqmmon unstratiiied rocks are also found 
here ; and in addition we have Trachyte in abundance, with 
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traehytie porphyries, tufw, and conglomerates; which are of 
more recent date than the tertiary strata : and on« aoifatara at 
least exists in the traehytie region of Transylvania. 

Descrip, Hungary produces more gold and silrer than any 
country of Europe. Hassel states the annual amount of the 
former to be 1050 pounds; and of the latter, 41.000 pounds. 
But this is greater than the quantity now obtained. The iron 
annually smelted is abont 10.000 tons : of copper, 19.000 tons : 
of lead, 1225 tons: and large quantities of coal and salt are 
obtained. 

Poland and Russia in Europe. 

Descrip. Poland and Russia are for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the 
south by the Carpathian and Silesian chains. These moun* 
tains are chiefly 'prim«iry and older secondary ; as are also Fin- 
land and Russian Lapland. But the tertiary and alluvial strata 
predominate in most parts of the country. Nearly all the strat- 
ified secondary rocks occur ; such as olo and new red sandstone 
with the coal formation intervening ; lias and other limestones, 
and green sand and chalk. ' The tertiary strata correspond 
rather to those in Hungary and France, than to those of Enj;^ 
land and Italy; Over the tertiary is a deposit of clay, sand, and 
bowlders, from 30 to 100 feet thick, which has been brought 
from the northeast; and this deposit contains the bones of 
many extinct terrestrial animals. Unstratifted rock's are un- 
common: but trachyte occurs in the Caucasian chain. 

Descrip. In Poland occurs in the tertiary strata, the most 
extensive deposit of salt in Europe. Several other deposits of 
this mineral are found in the new red sandstone with gypsum, 
in Russia. Some coal mines have been opened : but th^y are 
not extensively wrought. The iron mines of Russia and Po- 
land yielded in 1839, about 158.000 tons. Copper is obtainr d 
also, on the western side of the Uralian mountains. 

Greece and Turkey in Europe. 

Descrip. The geology of these countries is very similar to 
that of Hungary, but it has not been minutely described. 

ASIA. 

Turkey in Asia and Arabia. 

Descrip. Although many insulated facts are known respect- 
ing the rocks of these extensive and mountaneous regions, yet 
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no connected view of their geology can be made oat. It is 
certain, however, that rocks of every age, stratified and un- 
stratified, are found there. A few statements of hiterest can be 
made respecting the geology of Syria, Palestine, and Arabia. 

Descrip. In Syria and Palestine, limestone, probably of the 
newer secondary class, is the most abundant rock. It forms tte 
greater part of the mountains of Lebanon, Ami Lebanon, Car* 
md, the mountains of Galilee, and the ridges stretching south 
from the Dead Sea. Much of it is yellowish white and com- 
pact, not a little resembling the stone used in lithography. At 
least, this is the character of the limestone on which Jerusalem 
is built ; and of which the ancient temple of Solomon and the 
houses of the city were constructed ; and It was the material 
from which the tesselated pavement of the streets was formed.* 

Descrip, Mount Lebanon has been recently described by M, 
Botta, as consisting of three groups of calcareous rocks. The . 
upper group consists of limestone of variable hardness, alteroa* 
ting with marls : the middle group embraces siliceous beds and.^: 
nodules, with fossil echini and fishes: and the lowest groupie 
mostly sandstone, with beds of silico-calcareous matter, iron 
ore and lignite. The whole formation he refers to the chalk. 
Traite Elementaire de Geologie^ Par M, Roacet, p. 524. 

Descrip, Mount Hor and Wady Mousa, in the ancie^nt Edom, '' 
are composed of variegated or new red sandstone ; and the ex> 
cavatipns of Petrea, the ancient capital of Edom, are in this "; 
rock ; which extends to Mount Sinai, and still farther south. 
On the borders of the Dead Sea, tertiary strata occur and rock 
salt, probably, imbedded in those strata. 

Descrip, Some of the highest peaks around the Red Sea, are . 
said to be composed of granitic rocks. Mount Sinai is wholly 
granite, or perhaps sienite : . as are also the mountains on each 
side of the Arabian Gulf.- Porphyry and greenstone exist also 
in the same mountains. Trap rocks occur at Akaba, the east- 
ern extremity of the Red Sea : and according to Burckhardt^ 
ancient volcanic craters may be seen in the same region. Ac- 
cording to Vori Buch, the valley of the Jordan, from Mount 
Libanus to the Red Sea, is a fissure, through which volcanic 
agency has been active, and the character of the dead sea, as 
well as the thermal springs on its margin, the existence of vol- 
canic rocks in the same region, the rock saJt and great amount of 
bitumen, and the columnar and amygdaloidal rocks existing near 
the Jordan, render it highly probable that this igneous agency 

* These ftateinents respecting Jerusalem, I derive from specinieiM 
with labels, sent by the Rev. Henry Homes, American Missionary m 
Constantinople! to the Social Union Boeiet/ of Amherst Cplle^ie* 
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>lin been exerted at no very distant period. AmerieaH BibHeai 
Repoiitwry^ Voi 3. Second Series, p. 24, 324. 

Remark, Since the abore was written, 1 have received an 
•ztensife series of specimens illastrating the geology of Syria 
mud Palestine, especially that of Mount Lebanon, from Rer.Story 
Aebard, Am. Missionary in Syria, who had paid a good deal 
'vf attention to geology before leaving this country. They con- 
^m the preceding statements essentially. The limestones of 
'Mount Lebanon are often pulverulent, and even chalky : though 
HMHoe of them are compact. They often contain siliceous 
nodules, sometimes as large as a man's head, which, on break- 
•tng open, present splendid geodes of crystals of quartz, or some- 
times of maoimillary chalcedony. Solid nodules of hornstone, 
passing into chalcedony, are also common. The limesioue 
contains fttie petrifactions of one or two species of Tellina, and 
Venus, a Terebra, a Trochus, a Dolium, an Ostrea, an Echino- 
tlerm, and fishes on a white marl slate somewhat likeihat of 
Monte Bolca, and with homocercal tails. The sandstones are 
tiighly ferruginous, and resemble those in this country that are 
referred to the lower part of the cretaceous group. In this 
sandstone occur beds of asphaltum, especially at Carmel on 
Mount Lebanon, and at Hermon on Anti-Libanus, at the former 
place, in ferruginous sandstone. Lignite is also found on 
Lebanon. Near tlie tops of this mountain occur a brittle 
bituminous shale, and on the borders of the dead sea, a black 
highly bituminous limestone. Genuine greenstone is found with 
the limestone ou the east side of Anti-Libanus : and a vesicular 
basalt with olivine. The same rock exists at Hauran, southeast 
of Damascus. Genuine basaltic vesicular lava occurs in an 
ancient crater five miles west of Sufet ; and a still more porous 
variety on the north shore of the Dead Sea. The ruins of 
Jericho furnish a similar rock. (See the specimens in ike Cabinet 
of Amherst College.) 

Persia, including Cahul, Affghanistan, Baloochistan, i^e, 

as far as the River Indus. 

Descrip. The little that is known of the geology of this vast 
region, consists of a few insulated facts. On tlK north, com- 
mences the largest inland sea in the world, viz. the Caspian ; 
which is (>00 miles long, and 300 broad, and salt like the ocean. 
In the northwest part of Persia is the lake Ooromiah, 300 miles 
in circumference, whose waters hold in solution at least one 
third more salt than the sea, and contain so much sulphuretted 
hydrogen as to tarnish silver rapidly, after having been brought 
to this country. The sea of Aral, in Tartary, east of the Caa- 



piMif is also salt. These facts, particularly those ia respect tcf 
Ooromiah, indicate volcanic agency in those regions;, and thor 
remarkable springs and deposition of asphaltum, iq the regipiw 
of ancient Assyria, as well as the sulphur in the soil, lead to % 
> similar conclusion. An extinct volcanic crater is said, to exiiHk 
in the vicinity of Mount Ararat; and that mountain itself, i«r 
made up of ancient lava. A crater also exists in the Kourdbk 
Mountains. Near Tiflis In Georgia, are hot springs; andi^ 
boiling spring on the river Akhoor. In the Caucasian m^wiH 
tains are extensive groups of basaltic columns. Near lakib 
Ooromiah occurs the beautiful white or yellowish calcareoiw 
alabaster of Tabreez, which is deposited by thermal waters idi 
great abundance. Near the ruins of the city Tact-»-Solomoa iiir 
another enormous deposit of calc sinter. Copper, lead and silver, 
are mined near Tokat, where 50 furnaces ace in operation^ 
Iron, copper and silver, are also wrought near Samsoon. 8if^ 
Robert Ker Porter* s Travels from 1817 to 1820. See Am. 
Journal Science^ Vol, 37. p. 347. 

Descrip, From specimens and their labels sent by Rev. Jus- 
tin Perkins and J. L. Merrick. American Missionaries in Persia, 
I learn the following facts. 1. That on the vast plain north* 
west of Mount Ararat, are diluvial elevations and depression% 
in gravel, like those in this country. 2. That the principat' 
rock in the mountains around the city of Ooromiah is granitic, 
gneiss, having a dip from 10^ to 30. .3. That graywacke ia^ 
very abundant in the same region. 4. That quartz rock exists 
there^ as well as in some of the islands of the lake, and in several 
other parts of Persia. 5. That tertiary limestone is abundant 
around Ooromiah, similar to the common rock of the island of* 
Malta. 6. That red sandstone and conglomerate (probably the 
new red sandstone,) constitute a mountain just pack qf Ta-' 
breez, some part of which appears as if it had been exposed ta 
very powerful heat : and that similar rocks occur in other parti 
of Persia. 7. That beautiful rock ssit is dug from a mountaia 
near Tabreez« 8. That rich ore of copper, ^qmpQsed of native 
copper, and the. green and blue carbonates, pxis^ in large qua|^« 
tity 60 miles northeast of Tabrez^ from which the Pertiianu 
government have manafactored cannoq. 9. That the marble' 
in the ruins of Persepolis resembles lias with oasts qf Turbo (7)' 

Tariary. 

Descrip. The interior portion of Asia is crossed bj fius 
grand systems of mountains from east to west; viz. on tKs. 
gouth, the Biwinalayah, ^^^^ RPCtfe^rljr the Ku^njuo^theQ tftfi! 
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Tbian-ehan, and the Altaian. The first is in India ; the see- 
ond separates Tartarj from Thibet, and the last from Siberia ; 
while the Thian-chan occupies its central parts. The Altain 
chain presents its magnificent displays of primary and transition 
rocks; over which are secondary and tertiary deposits. In 
these rocks are numerous metallic deposits. The quantity of 
gold annually derired from thence, is 1 140 pounds avoirdupois ; 
and of siWer, 41.992 pounds. 

Descrip. Active and extinct volcanos occur in central Asia ; 
occupying a space of 2500 square leagues. The most reroarka* 
ble volcanic mountains are Pechan , Hootcheon, Ouroomptsi, 
Kobok, and Aral-toube. These are between 900 and 1200 
miles from the sea. 

Rem. It has been already stated (p. II,) that the supposed 
extensive depression of central Asia around the Caspian Sea, 
below the level of other oceans, does not exist. 

Siberia. 

Descrip. The geology of the Uralian Mountains, which sep- 
arate Siberia from Europe, is similar to that of the Altain range 
in its general features. 

Descrip, The Uralian mountains, especially on the Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 53 tons of gold were thence obtained. As long 
ago as 1782, this mountain yielded 66.000 tons of iron, and 
31.500 tons of copper. The^ Altain chain of mountains, also, 
fields an immense quantity of silver, as well as much gold and 
copper. In 22 years, 12.348 pounds of gold, and 324.000 
pounds of silver, were dug from the single mountain of Scblang* 
enberg. In 1828, the entire produce of silver in Siberia was 
182 tons. In the Uralian mountains, within a few years, pla- 
tinum has been found in such quantity that it ia now used as a 
eoiu in Russia. 

Descrip, Oihet interesting minerals are found in Siberia: 
among which are the diamond, topaz, emerald, beryl ' onyx, 
lapis lazuli, beautifbl' crystals of quartz, rubellite^ avanturine, 
e^urnelian, chalcedony, agates, d^c. 

Hindostan^ Thibet, and Further India, 

Descrip, The two first of these countries are separated by 
the Himmalayah mountains, the highest on the fflobe, and their 
geology becomes, therefore, of great interest. On approaching 
Ibis chain flrom the plains, on the south, we first meet with a 
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sandstone belonging to the newer secondary series ; next in suc- 
cession argillaceous sJate, mica slate, talcose slate, quartz rock, 
hornblende slate, and limestone. The highest part of the range is 
composed chiefly of gneiss, traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
also, occur tertiary strau, in which the bones of the'mastodoii 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elephant, mastodon, hippopottamus, 
rhinoceros, elk, horse, deer, crocodiles, gavials, sivatherium, and 
the monkey. Diluvial deposits are said also to QCcur in these 
mountains. In Middle India, the, vast plains are composeif 
mostly of clays, sand, and gravel, with organic remains of anP 
mals and fossil wood. Good coal also occurs here in a formation 
resting on granite. Peninsular India is composed in a great 
measure ot onstratiBed rocks ; such as granite, sienite, and tr«p! 
though nearly all the stratified primary ones are present also. 
Extensive deposits of secondary and tertiary strata exist there 
likewise; as well as diluvium and alluvium. The geology of 
Further India%is but little known. 

Descrip, Southeastern Asia has long been known as a region 
of gems. The diamond occurs in several places in Hindostan,- 
both in conglomerate and the alluvium. Corundum, from its 
coarsest to its finest state, is found there. Pegu is well known 
to produce the most beautiful variety of the oriental ruby, whicb^ 
is a sapphire. Topaz, zircon, tourmaline, garnets, carnelian, 
jasper, agates, amethyst, catseye, chrysolite, &c. are common. 
The annual value of carnelian formerly exported from India, 
was $50,000. Burmah is celebrated for the vast amount of 
petroleum collected in wells: which amounts to 92.781 tons per 
annum. India also contains gold, tin, iron, lead, and zinc : 
though not enoufirh of these metals is obtained for home con- 
sumption. Rock salt is also found. From Thibet is brought a; 
large quantity of borax. This is obtained from a lake, which: 
contains also common salt. The Thibetans are said to work 
mines of copper and mercury. 



Ceylon, 

Descrip. The geology of this large island, lying near the 
coast of southern India, is quite simple. It is made up almost 
entirely of primary rock, most of it stratified. The prevailing 
rock is gneiss ; which is associated with dolomite, and sublordn 
nate masses of quartz rock. Granite, sienite, and greenstone^ 
also, exist there. 

26* 
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. Descrip. Iron is ahnost ibe only TaloaUe metal found io 
CejIoD. Bat the gems are namerous. Amethjat, rose quartz, 
eatseje, prase, topaz, schorl, garnet, pyrope, cinnamon stone, 
zircon, spine]le, sapphire, and cornndum, have been found ; 
most of them in connection with graphite in gneiss. Transcu" 
turns of the Geological Socitiy, VoL 5. Part 2. p. 311. 

China. 

Deserip, Little b known of the geology of China, We on- 
ly know that granite, sienite, porphyry, sandstone, &c. Occur 
there. But its minerals are more known. Gold and silver, mer« 
^ury and copper, lead, tin, and arsenic, are among those which 
are wrought Rubies, corundum, topaz, lapis lazuli, jasper, 
sg>^o» jsde, porcelain clay, and marble, are enumerated among 
its valuable minerals. 

iHapaii, 

Descrip. It is known that these islands contain several vol- 
canos, but their other geological features are little understood. 
Gold and silver abound, and copper and mercury occur, ^^nl- 
phur exists in great qoantities : and coal is found, as well as 
amber, porcelain clay, marble, &c. 

East Indian Archipelago. 

Descrip. In Sumatra are four volcanos, nearly 12000 feet 
high : while granite, trap, limestone, and other primitive rocks 
exist there, as well as tertiary clays. In Java, are several 
ranges of volcanic mountains ; and at their bases, are deposits, 

Eerhaps tertiary, jof limestone, clay, and marl, with rock salt, 
lanca is said to be composed of gneiss and mica slate with 
granite. In Borneo, primary formations are abundant, forming 
the axes of the principal mountain chains ; while secondary 
tertiary and alluvial deposits occupy the lower regions. Volca- 
nos also exist here. The Phillipine Islands are likewise vol- 
canic: as are also the Moluccas : of which Celebes contains 
primary rocks. 

Descrip. The mineral treasures of this Archipelago are 
abundant. Gold occurs in nearly all the islands : and the 
amount annually collected, is estimated at $2,922,300. Tin 
is abundant, especially in the island of Banca ; where in 1817, 
about 2083 tons were smelted. Copper also occurs. Sulphur 
is obtained in great abundance and purity in Jav&. Borneo is 
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celebrated for its diamonds : one of which, in the possession of 
a prince «f Matan, is Yalued at $1,194,350. 

Australia, or New HoUand. 

JDescrip. The details of the geology of particular portions of 
this vast island, or rather continent, have not been given : yet 
numerous facts on the subject are known. The coast is for the 
most part rocky and mountainous ; and the rocks which have 
been recognized, are granite, mica slate, talcose slate, quartz 
rock, ancient sandstones and limestones, the coal formation, 
red marl, with salt and oolite : also porphyry, greenstone, 
clinkstone, amygdaloid, and serpentine. There are some tra- 
ces of former volcanos. Topaz and agate are the most inter* 
eating minerals. 

Descrip, Interesting collections of fossil bones from the 
limestone caverns of New Holland have been carried to Eng- 
land, and referred to at least 14 species of animals. These 
animals are all similar to those found living in Australia ; such 
as the kangaroo, dasyurus, hypsiprimnus, wombat, a rodent, a 
saurian, and an elephant. These bones are much gnawed like 
those in the English caverns, and were probably carried into 
the caverns by carnivorous races. 

Polynesia. 

Descrip, The predominant formations in this vast group of 
islands are the volcanic and the coral reefs. -Those islands 
formed by the latter, are low and level : but the others rise to 
a great height. Mouna Roa in the Sandwich Islands is more 
than 16000 feet high ; and Mouna Kea, 18.400 feet. These 
islands, with a surface of 4000 square miles, are all volcanic : 
Kirauea being the most remarkable volcano on the globe. The 
Society Islands are composed mostly of igneous rocks of 
greater age ; as basalt, which frequently contains most of the 
zeolitic minerals. The Friendly Islands are mostly volcanic ; 
as are also the Marquesas, the Gallipagos, the New Hebrides, 
and Qambier's Islands. Juan Fernandes is composed wholly 
of basaltic greenstone. The South Shetland and Orkney Is- 
lands are made up of primary rocks, along with those of more 
recent igneous origin. The coral Islands are Elizabeth Island, 
Whitsunday, dueen Charlotte, Lagoon, Egremont, &c. &c. 
The shores of nearly all the volcanic islands are lined with 
coral. 
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Dtsrrip. CoDcerning this new continent, discorered on the 
19tb of January 1840, by the United States Exploring Expedi- 
tion, there is hut little to say. Although Capt. Wilkes sailed 
along the coast 70 degrees, or 1300 miles, in about 66 degrees 
south latitude, he was unable to land : but he describes some 
part of it as composed of *' black rolcanic rocks" and high 
mountains; and from an iceberg he collected specimens of 
quartz, sandstone, and conglomerate. These few facts affsrd 
us some glimpses of the geology of this new world, and show 
us that probably it is analogous to that of other regions of the 
globe. New York Mercury, July, 23d, 1840. 

APRICA. 

Descrip. The southern part of this country is primary ; con- 
sistinff of granite, sienite, and other primary rocks. The feld- 
spar m the granite and sienite is rcKi, and the rock has been 
used for many of the monuments of Egypt, as Pompey's Pillar, 
Cleoptara*8 Needle, &c. Sienite took its name from one of 
these localities, near Syene. North of Syene succeeds a region 
of sandstone, which appears to belong to the more recent of 
the secondary rocks. This is succeeded by the limestone tract, 
which reaches from Thebes several days journey south. 
Between Thebes and the Mediterranean, the country is wholly 
alluvial. On the west side of the Nile are the most remarkable 
examples of dunes that are known. 

Nubia and A byssinia, 

Descrip, Of the latter country nothing of importance is 
known respecting its geology, though some gold has been found, 
and large quantities of salt are obtained from a large plain ; 
perhaps the site of a former salt lake. In Nubia, travellers 
mention granite, sienite, porphyry, sandstone, and limestone ; 
and formerly mines of gold were wrought there. 

Barbary or Northern Africa, 

Descrip, The greater part of northern Africa is a level sandy 
plain. But the chain of mount Atlas extends nearly across the 
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wKble of Barbary from west to east, and rises to the height of 
13000 feet. Its higher parts are composed of granite, gneiss, 
mica slate and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembling 
the lias ; though sometimes approaching the transition lime- 
stones. Secondary sandstones also occur, and above these, ter- 
tiary strata. Among the Secondary and tertiary formations, 
trap rocks are included. Salt springs and gypsum are foUud. 

Western Africa, 

Desrrip. This embraces the west coast of Africa, from the 
river Senegal in 18** noHh latitude, to the river of Benguela in 
18^ South latitude. Little is kn >wn of its geology. The hills 
around Sierra Leone are granitic. The district through which 
the river Zaire flows, is composed of gneiss, mica slate, clay 
slate, primary limestone, granite, sienite, and queenstone. Not 
a little gold (estimated - in the beginning of the last century 
from 200,000 to 300.000 pounds sterling annually,) is obtained 
from the interior, especially along the Gold Coast, and at the 
head of the Senegal and Gambia rivers. In Angola are very 
extensive deposits of salt, and seme iron and coppcfr. 

Southern Africa, 

Descrip, The southern part of Africa is crossed by three 
ranges of mountains, running parallel to the coast ; the height 
increasing towards the interior, till the innermost range. rises 
10.000 feet. North of these moontains are extensive table 
lands. The rocks composing these mountains are gnein, chiy 
slate, graywacke, quartz rock, and 6an<lstone. Sandstone is 
most abundant; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30^ of latitude. Its 
strata are usually horizontal; and they give a tabular shape to 
the summits of the mountains. Table Mountain at the Cape 
of "Good Hope, is formed in this manner. Through these rocks 
are found protruding masses of granite, as well as basalt, pitch 
stone, and .red iron ore. The relative situation of all ihese 
rocks is the same as in Europe. 

Eastern and Central Africa, and Sahara, or the Great 

Desart, 

Descrip. Nothing appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, which is traversed 
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by the mountain! of the Moon, much more is known. The inore 
elevated parts consist of gneists, mica slate, quartz rock, bom- 
blende rock yd ay si ale,and limestone; traversed by granite, green- 
stone, and other trap rocks. At Goree are fine examples of ba- 
saltic columns. Exteijrtive beds of rock salt are quarried in 
Soodan, and salt and natron lakes occur. It is also from this 
country, that most of the gold carried to the Western and the 
Eastern Coast is obtained. The Great Sahara or Desart, is 
chiefly covered with quartzose and calcareous sand ; and b 
the most dps«>late region on the globe. Occasionally, however, 
the rocks rise through the sand, and are found in the eastern 
part to consist of limestone and sandstou«*, containing rock salt 
and gypMum, and traversed by trap rocks. Where the Sahara 
reaches the coast, the rocks are chiefly basalt. 



African Islands. 

Desrrip, A large proportion of the islands around Africa ara 
volcanic, and are composed of lava or basalt. Of thb de- 
scription are the Azores, the Canaries, where the volcanic 
peak of Teneriffe rises to the height of 12000 feet : also tba 
Cape Verd Islands, St. Helena, Bourbon, &c. 



AMERICA. 

Descrip, The longest chain of nnountains on the glf»be, and' 
with one exception the highest, traverses the whole length of 
this continent near its western side. In South America it b 
called the Andes : On the isthmus of Panama it sinks into a 
eomparativel) low ridge : but rises into the table land of Mexr 
ieo and Gantimala, 6000 feet high ; and some conical peaks 
shoot up much higher. Beyond Mexico this ch:iin b prolonged 
in the Rocky M/>untains ; which rise in some places about 12. 
000 feet. This ch%in continues nearly or quite to the Northern 
Ocean. Parallel to the Atlantic, the Appalachian, or Allegany 
Mountains ir.iverse the U. States, rarely rising more, than 0000 
feet and usually not more than than 2000 or 3CK)0 feet. l>etacbed 
branches from these mountains extend irregularly into Canada, 
Labrador, and around Hudson's Bay. The mountains which 
form the West Indies, may be regarded as the southerly pro- 
longation of the Allegantes. Beyond the delta of Orinoco, 
they appear again in numerous ridges in Guiana and Braitil, 
extending to the I^a Plata, ■ i 
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Descrtp, America is distinguished by Tast plains as well a« 
gfand mountains. One of these lies along the Atlantic, of va- 
riable width, through the whole of the United States, extend- 
ing to the Appalachian ridge, and occupying a wide extent 
through the whole of South America. A similar plain, but 
much narrower, occupies the western side of the continent. 
But the most extensive plain is the vast region lying in North 
America between the Appalachian chain and the Rocky Moun- 
tains. Another, almost equally vast, occurs in the heart of 
South America. In its northern part is a vast expanse along 
the Orinoco ; and in the southern part, are the immecse Pam- 
pas of La Plata. 

South America. 

Descrtp. The basis of the vast chain of the Andes is com- 
posed essentially. of gneiss and granite : but these are covered 
by an immense deposit of ancient volcanic rocks ; such a» py* 
roxenic porphyries, diorites, basalts, trachytes, with wacke-like 
conglomerates. The elevated table lands in the vicinity of this 
range, are covered in a measure by fossiliferous Amcslone, 
which occurs from 9000 to 14.000 feet above the ocean : and 
by new red sandstone, embracing ores of copper and gjrpaum. 
The lower table land is covered by diluvial detritus, embracing 
gold. The mountains in the central parts of America, lying 
east of the principal Cordilleras, are in a measure composed of 
various slates, with quartz rock and sandstone : the central 
axis being usually primary, and the slopes the older secondary. 
The plains between the different chains are extensively covered 
hy tertiary strata. The^e strata, with white marl analogous to 
the lower chalk, and a sand like the green sand, are well devel- 
oped on the shores of Patagonia. In Brazil, granite frequently 
abounds in the lower parts of the country, as well as in the 
mountains, where it is associated with nearly every other strat- 
ified and unstratified rock of the primary group. In short, 
nearly every stratified and unstratified rock on the globe, from 
the oldest to the newest, from granite to lava, and from gneiss 
to alluvium, i^re developed in South America on a magnificent 
scale, and occupy the same relative position as in other parts of 
the globe. Humboldt on the Superposition of Rocks : RozeVs 
Geologic, p, 525. 

Descrip, South America has long been celebrated for its 
mines of gold, silver, platinum, and diamonds. In Chili the an- 
nual produce of the gold and silver mines is about $8,500,000. 
Mere than a hundred copper mines exbt, and are mac^x&rac^ 
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f profitable than those of gold and silver. Mines of quicksilver, 
ead, tin, iron, and antimony, also exist there, as well as depos*it8 
of nitre, rock salt, and coal. But mining operations are at 
present in a wretched state ; owing to wars and political con* 
vulsions. 

Descrip. Brazil is most celebrated for its gems, especially its 
diamonds. These are mostly explored in the beds of river by 
washing the soil. Upon the first discovery of these mines, they 
sent forth a thousand ounces of diamonds ; which afiected the 
market powerfully. At present the annual produce is about 
23.000 carats; or 183 ounces. The Brazilian topazes and 
emeralds are very fine, as well as the chrysoberyl, amethyst and 
quartz crystals. Gold also is sought afler with success in the 
auriferous sands. Copper ores are likewise abundant; and de- 
posits of common salt and nitre occur. 

Descrip, Colombia affords some diamonds ; also emeralds, 
sapphires, hyacinth9,precious garnets, turquoises, and amethysts. 
Great expectations have also been excited rejecting gold and 
silver ; but from 1810 to 1820, only $2,000,000 were annually 
coined from the native metal: but much more might be obtiiin- 
ed with proper management. Copper and quicksilver mines 
are wrought, as well as tm and rock salt ; the latter yielding a 
revenue of $150,000. 

Descrip, Peru, including Bolivia or Upper Peru, is perhaps 
the most remarkable region on the globe for the precious metals. 
Gold, silver, and mercury, are the most important. The silver 
mountain of Potosi alone, yielded in 225 years, no less than 
$1,647,901,018: and yet but a small part of it has been exca* 
rated : the whole mountain being a mass of ore : and it is 18 
miles in circumference. One mine of quicksilver is 70 feet 
thick, and formerly yielded an' immense amount. The other 
mines of gold and silver are very numerous ; but-their produce 
is much less than formerly, on account of the imperfect mannejr 
in which they are wrought. There are als^b mines of coppery 
lead, tin, and rock salt. Most of the mines are situated in the 
eastern range of the Andes, which consists of mica slate, sienite,. 
porphyry, new red sandstone, and oolite. 

West Indies. 

Descrip. These islands appear like the fragments of a former 
continent; and most of them contain mountains, which, in 
Cuba, Hayti, and Jamaica, rise to the height of 8000 or 10.000 
feet. The highest mountains in Cuba are mica slate, and- 
through the secondary formations of the lower regions, project 
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gneiss, granite, and sienite. Veins of gold, silver, and copper, 
also occur here, and coal exists in a vein — which is a very rare 
occurrence. (Philosophical Magazine, Vol. 10, p. 160.) In 
the south part of Hajti is a mountain of granite. The highest 
part of Js^maica is composed chiefly of graywacke with trap 
rocks. Upon these lie red sandstone, inarvand limestone, with 
trap and porphyry ; the whole covered by diluvium and alluvi- 
um. The eastern part of the Carribbean Group, as Tobago, 
Barbadoes, Antigua, Bermuda, &c. are principally composed 
of limestone, probably tertiary. Antigua has been described 
minutely by Dr, Nugent, ( Transc^ctions of the Geological So- 
cietyy VoL 5.) and more recently by Prof. Hovey, (American 
Journal of Science, VoL 35, p. 75.) It consists of graywacke, 
(indurated clay of Prof Hovey,) recent calcareous deposits, and 
trap. Lying above the graywacke, h a singular siliceous de- 
posit embracing an immense number of silicified trees of every 
size, up to 20 inches in diameter ; along with vast numbers of 
shells. These form most splendid agates, and admit of a high 
polish. (See fine specimens in Prof. Hovey 's Cabinet bequeath- 
ed to Amherst College.) , 

Descrip. Prof Hovey has also given an interesting account 
of the geology of St. jCroix. (Am, Journal of Science, VoL 35, 
p. 64.) He finds there the same stratified formations as occur 
in nearly all the West India Islands ; viz. graywacke, and tertiary 
and alluvial limestone ; but unstratified rocks are wanting. 
The tertiary strata consist mostly of limestone, more or less 
indurated, and abounding in shells and corals ; many of which 
are identical with those now living in the ocean. A similar 
deposit is now forming upon the shores : and it was in this 
recent deposit that the human skeletons, now in the British 
Museum and Garden of Plants, were found. (Numerous speci- 
mens of the rocks and fossils of St. Croix and Antigua may be 
seen in Prof Hovey 's Collection above referred to.) 

Descrip. The western parts of the Caribbean Islands, are 
mostly volcanic : such as Grenada, St. Vincent, St. Lucia, 
Martinique, Dominica, Gaudalope, Montserat, Nevis, St. 
Christophers, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period : but craters are 
visible, and trachyttc and basaltic rocks are common. 

Descrip, Trinidad is a continuation of the continent, and 
consists mostly of primary rocks. The famous Pitch Lake, 
three miles in circumference, has already been described. 

27 



310 OAUTIIIALA AJTO MEXICO. 



Gautimala and Mexico. 

Rem. The geology of Gaatimala \t Tcry simifar to that of 
Colombia, on the south, and of Mexico on the north ; being in 
fact the same as that of the Andes generally ; and, therefore, in 
this brief sketch nothing farther need be added, except to lay 
that this country contains mines of silver and of sulphur. 

Descrip. Mexico consists mainly of a vast and very elevated 
table land ; being in fact a flattening down of the Andes on the 
south, and the Rocky Mountains on the north. This vast plain, 
1500 miles over, is occasionally diversified by an elevated insn- 
lated peak, which is often a volcano, recent or extinct. The 
basis of the country seems to be primary rocks ; such as gneiss 
and granite ; but its upper portion is covered with porphyry and 
trachyte. Secondary sandstone and limestone also occur. A 
line of volcanos, of which there are five principal vents, traverses 
Mexico from east to west, about in the latitude of the capital. 

Descrip, The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talcose slate, transition limestone, graywacke, and 
porphyry. New Spain yields annually 1.541.015 pounds Troy 
of silver : or two thirds of the silver which is obtained on the 
whole globe ; and ten times as much as is produced by all the 
mines of -£]urope. The number of mines is 3000. The quantity 
of gold aanualiy obtained is only 4315 pounds Troy. Tin, cop- 
per, lead, mercury and iron, are mined in Mexico to some 
extent and the ores are abundant. Beds of rock salt occur on 
the Rio Colorado* 

Westerty nnd Northerly Regions of America. 



Syescrip. The regions embraced under this name are those 
lying west of the United States and north of the Canadas. The 
Kockv Mountains, which are a prolongation of the Cordilleras 
of Soulli America, are the principal chain, and are composed 
of pfimary rocks with extensive secondary deposits upon their 
sides, ^m'ong which are clay slate, graywacke and limestone. 
On Mackenzie River, brown coal occurs in tertiary clay. The 
coast of the Arctic Ocean, from Cape Lyon to Copper ^ine 
river, is composed of clay slate covered by trap rocks; and 
most of this northern tegipn is strewed over by bowlders of lime- 
stone, granite, porphyry, greenstone, &c. 

Descrip, Melville Island, in latitude 74^ 26' norths is com- 
posed of sandstone, probably of the coal formation, with rt- 
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mains of coal plants of a tropical pharacter. Around Hudson's 
Bay, are found all the great el asses of rocks, except the ter- 
tiary ; and almost every other variety found in the other parts, 
of North America. 

Descrip, No part of the extensive regions above described 
appear to be truly volcanic, except a strip between the Rocky 
Mountains and the Pacific Ocean. Whether any recent vol- 
canos exist there, may be doubtful : But genuine lava is brought 
from thence, as well as trachyte, and other volcanic productions; 
and immense deposits of basalt, massive and cblumnar, are 
found alonjor the principal rivers. Volcanic mounds, cracked at 
the top, and surrounded by fissures, are numerous over the 
whole region. This is probably a continuation northward of 
the great vulcanic chain of the Cordilleras of South America 
and Mex4C0- 

Descrip, The mineral treasures of this region have been but 
imperfectly exploredt Near the htttd of Salmon River, on the 
west side of the Rocky Mountains, Rev. Mr. Parker saw a bed 
of pure rock salt, among strata which he says resemble the 
description of those at Wieliczka in Poland. He used the salt 
and found it good. The great sali lake in the same region 
f^rt'her south, conti^ins so muchsak that it is deposited in large 
quantities on the shore. Epsom salts occur also, on both sid^ 
of the Rocky Mountains, in thick incrustations in the bottoms 
i»f ponds, which have been evaporated in the summer. jSa:- 
plating Tour Beyond tht R^acy Mountains ^ p, 328^ second 
Edition, Ithaca^ 1840. Beds of rock salt occur in o(her places 
besides those mentioned above west of the Rocl^y Mountains 
and of great thickness. Proji H. D, Roger* s Report to the 
British Association at the Fourth Annual Meeting* 

United States and British ^jn^'co. 

Rem. A more accurate idea can be g^yen. of th^ geology of 
this vast region, by considering the United $^at^s and the Brit* 
ish possessions as a single extended district. 

Descrip, In proceeding southeas.terly froin t|ie coast of Lab« 
rtdor, wc« meet ere long with ranges of moitntains, at first not 
high, having a southwest ai^d northeast direction. On the 
south shore of the St I^ai^reLnce they become very elevated^ 
forming in fact the nor^t^aastern termioatipn of the Allegany 
range. In the northern p^i^t of Maiae they risQ to the height 
<)f 53U0 feet ; and ^ i^ew Hampshire,, (the- White hills) 6^34 
feel. The westered ^i.de.of this raq^ forms the eastern side of 
Lakes Cbamplj^i^ %i.^d^ ^5Wg^,. aiyj the ?all^y of HudsoQ riv^«L^ 
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The range occupies all New England, and extends southwest- 
erly into the middle and southern states, crossing the Hudson 
at the Highlands; and in Pennsylvania, Maryland, Virginia, 
North Carolina, South Carolina, and Tennessee, forming sever- 
al parallel and lofly ranges of mountains : four of which are 
sometimes reckoned ; distinguished as well by their physical 
features, as by their geology. The most easterly. Prof Rog- 
ers denominateis the Eastern System of mountains : the next 
in order, the Blue Ridge System : the third, the Appalachian 
and the last the Allegany System, They rise in Black Moun- 
tain in North Carolina, to the height of 6,476 feet, and in 
Roan Mountain, 6.234 feet. ^ 

Descrip. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river ; one at the 
distance of 15 or 20 miles, and the other 200 miles distapt. 
On the west side of Lake Champlain, is a remarkable develope- 
ment of these mountains', in Essex county in New York ; 
where they rise to the height of 5.400 feet; From Essex Coun- 
ty these mountains stretch to Kingston in Upper Canada, 
where they become blended with another low range, which has 
been traced by Dr. Bigsby along the northern shores of Onta- 
rio, Simcoe, and Huron, and probably extends nearly or quite 
to the Rocky Mountains. These latter mountains form the 
western boundary of the region under consideration. 

Descrip. The vast region of comparatively level country be- 
tween the Rocky and Allegany Mountains, forms the valley of 
the Mississippi. At its southern extremity, this valley unites 
with the Atlantic Slope. This slope is several hundred miles 
wide at its southern extremity, but becomes gradually narrower 
until it terminates at New York ; with the exception of LoDg 
Island, Nantucket and Martha's Vineyard. 

Descrip, The way is now prepared for explaining the simple 
and grand outlines of the geology of this wide region. All 
the mountainous region east of Hudson river, even to Labra- 
dor, with some few exceptions to be noticed subsequently, is 
composed of primary rocks : suo.h as gneiss, mica slate, tal- 
cose slate, quartz rock, and limestone; intersected and np- 
heaved by granite, sienite, porphyry, and greenstone. South 
of the Hudson, this primary range is continued, as the High- 
lands, through New Jersey and Pennsylvania, wherie it termi- 
nates. Its southeastern border passes near New York City, 
including Staten Island, and extending to Perth Amboy. Here 
it is covered by red sandstone, until near Trenton it reappears 
and forms a second band of primary rocks, parallel to that just 
described as terminating in Pennsylvania, and separated frcMm 
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it by a trough of red sandstone. This most easterlj^ belt, from 
80 to 100 rniies wide, ranges through Virginia, North and 
South Carolina, and Georgia, as far as Alabama river, where it 
passes beneath the alluvium of the Mississippi valley. On the 
southeast side, these primary rocks are covered by the cre- 
taceous and tertiary strata of the Atlantic slope. 

Descrip. The mountains of Essex County, on the west of 
Lake Champlain, are composed chiefly of Labrador feldspar 
and hypersthene f-ock : similar to the rocks in the northern part 
of Lower Canada, and the coast of Labrador : and a similar 
rock is found north of the lakes in Upper Canada : so that prob- 
ably they may form a connected range almost across the conti- 
nent. Nearly all the rocks iu Upper Canada appear to be pri- 
mary. The only other primary rocks in the United States, of 
much extent, are the Ozark mountains west of the Mississippi. 

Descrip, It appears then, that the^great central basin of the 
United Slates is surrounded by primary rocks, except on the 
south. The rocks which rest on the primary over most of this 
vast area, consist of clay slate, transition limestone, and the va- 
rieties of that group usually denominated graywacke. Mr. 
Conrad and Vanuxem are of opinion, that the recent divisions 
of this group, can easily be distinguished here, especially the 
Silurian. Professor H. D. Rogers points. out eleven different 
varieties of these rocks below the coal measures, whose aggre- 
gate thickness is more than 5 1-2 miles : yet obviously all be- 
longing to the same geological formation : that is, deposited 
during the same geological period. These rocks constitute all 
the ranges of the Allegany mountains that have been described, 
except the Eastern System of mountains which is primary. 

Descrip. It is a remarkable fact, that while in Europe gyp- 
sum and rock salt are usually found in the new red sandstone 
group lying above the coal measures, in this country gypsum 
and brine springs, so far as ascertained, are universally situa- 
ted in the rocks beneath the coal formation. 

Descrip, In many narts of the vast deposit of transition 
rocks that have been described, a regular coal formation rests 
upon them; and it is a singular fact, that the coal along the 
southeastern part of the great valley of the Mississippi, is usual- 
ly destitute of bitumen ; and as we recede from the primary 
strata, it becomes more and more bituminous. 

Descrip, Some of these coal deposits are among the largest 
yet discovered in the world. The anthracite deposit of Potts- 
ville, is 60 miles long and about five broad : that of Shamokin, 
commencing near Lehigh, is of the same length and width : 
and that of Wilkesbarre, is 40 miles long and two miles broad. 

27* 
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In some instances a single seam of coal in these strata is 60 
feet thick ; and near the middle of the valley, between the 
Sharp and Broad Mountains, no less than 65 seams have been 
connted. The bituminous coal field, embracing the western 
part of Pennsylvania, and a part of Ohio, extends over an area 
of 24000 square miles : the largest accumulation of carbona- 
ceous matter probably in the world. In fact the bituminous 
coal measures can probably be traced almost continuously, from 
Pennsylvania to the Mississippi, and even into Missouri, 200 
miles west of that river. Indeed, coal exists cm the eastern 
slope of the Rocky Mountains : and it would not be strange if 
this should be found to be the western outcrop of coal bearing 
strata, whose eastern extremity is in Pennsylvania. At any 
rate, it is certain that extensive seams of bituminous coal exist 
in Pennsylvania, Virginia, Ohio, Indiana, Illinois, Michigan, 
Tennessee, Alabama, and Missouri. The world cannot 
furnish a parallel to this immense mass of carbonaceous 
matter, to say nothing of the smaller deposits ~ in Henrico, 
Chesterfield, and Prince Edward Counties in Virginia ,- those 
in Nova Scotia and New Brunswick ; and that of anthracite in 
Rhode Island and Massachusetts. The identity of nearly all 
these formations with the coal measures of Europe, seems now 
to be pretty satisfactorily made out. 

Descrip, It has been intimated that there are some excep- 
tions to the general statement that the whole country between 
Hudson river and Labrador is primary. Thus, along the St. 
Lawrence, is a deposit of black fossiliferous limestone. AD 
the northern part of Nova Scotia is composed of secondary 
sandstone, embracing gypsum and salt springs, with overlying 
trap, and underlaid by clay slate ; while between the sandstone 
and the slate are coal measures. Coal is also found in the interi- 
or of New Brunswick, along with graywacke and clay slate ; 
but how extensive are these formations it does not yet appear. 
In the eastern part of Maine, fossiliferous rocks occur. In 
Rhode Island and the eastern part of Massachusetts, are inter- 
rupted patches of a rock analogous to graywacke, and contain- 
ing anthracite. In the valley uf Connecticut river also, strata 
of red sandstone occur, with protruding greenstone. 

Descrip, In going south of the Hudson river, the same red 
sandstone just described, as occurring in Nova Scotia and the 
valley of Connecticut river, appears in New Jersey ; where it 
forms a wide belt southeast of the Highlands. Thence it passes 
through Pennsylvania, from Buck to York Counties : thence 
into Frederick County, in Maryland; thence into Virginia ; 
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thence into North Carolina ; and probably still farther soAth. 
Throughout the whole extent of this deposit, from Nova 'Sco^ 
tia to Virginia, ores of copper, bituminous shale and lime* 
Stones, and protruding masses of greenstone^ are associated with 
it. In Virginia the deposit appeared to be eminently calcare- 
ous ; and one of its lowest beds is the well known brecciated 
Potomac marble. 

Descrip, I have for many ye&rs been in the habit of regard- 
ing this rock as the equivalent of, the European New Ked 
Sandstone Formation ; and have so named it in my Reports on 
the Geology of Massachusetts. The geologists of our country 
however, have generally hesitated to adopt this opinion : 
though they admit that this deposit belongs to the newer sec- 
ondary strata. But the more I examine, the stronger evidence 
I find, that it is the new red sandstone. There is not room in 
this work to state fully the grounds of this opinion. But the 
main argument is as follows. Prof W. B. and H. D. Rogers 
seem to have shown, that this rock in New Jersey, Pennsylvania 
add Virginia, lies above the coal formation. Now in Massachu- 
setts, Connecticut, and New Jersey, fossil fishes have been found 
in it with heterocercal tails, of the genus Palaeoniscus. Hence, 
according to Agassiz,.this rock must be older than the oolite; 
because Hsh with such tails do not occur as high as the oolite.. 
If, therefore, this formation lies above the coal formation, and be- 
low the oolite, it must be the new red sandstone. 

Descrip. Prof. W. B. Rogers has found a sandstone in Vir- 
ginia, which may be of the same age as the European Oolite. 
But no where else in this country has this formation been iden- 
tified. Very extensive strata occur, however, which have been 
referred by our geologists, on account of their organic re- 
mains, to the cretaceous group. They are entirely wanting in 
chalk, which gives the name to the European scries ; and con- 
sist in this country of sands, sandstones, marls, and limestone. 
In New Jersey, Delaware, and Maryland, they are characterized 
by the green sand, which is so valuable as a fertilizer. Farther 
south they consist almost wholly of marls and limestones. From 
these strata Dr. Morton has enumerated 108 species of Zoo- 
phyta, mollusca, and echinodermata : only one of which is com- 
mon to this country and Europe. But there is such a resem- 
blance between the genera, and those of the chalk, that it is 
supposed the rocks must belong to the cretaceous period. Sev- 
eral interesting genera of saurians, tortoises and fishes, also, 
occur in these rocks; among which are the plesiosaurus, 
ichthyosaurus, mososaurus and the batrachiosaurus. Among 
the fishes are several species of sharks ; some of which are 
common to the chalk formation of England. 
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Descrip. The cretaceous rocks of this county probably coni- 
tnence as far east as the islands of Nantucket and Martha's Vine- 
yard, which they may underlie, as well as Long Island ; al- 
though hidden by diluvial and tertiary strata. In New Jersey 
they form a belt across the state, which stretches across Dela- 
ware, Maryland, North and South Carolina, Georgia and Alaba- 
ma, They also occupy large tracts in Mississippi, Louisiana, 
Tennessee, Arkansas, and Missouri. A large part of many of 
these southern states is occupied by this formation. 

Dtscrip. The principal tertiary deposits of the United States 
occur along the Atlantic coast of the southern states to the 
southeast of the cretaceous rocks just described. These terti- 
ary groups however, commence as far east as the island of Mar- 
tha's Vinevard, on the coast of Massachusetts ; where they are 
well developed, and seem to belong to the eocene period. They 
next appear in the southeast part of New Jersey; from whence 
thev extend almost continuously through the eastern portions of 
Delaware, Maryland, Virginia, and North Carolina; and in 
interrupted patches through South Carolina, Georgia, Alabama, 
Mississippi, and Louisiana. Mr. Conrad and others suppose 
that they are able to distinguish in this vast area of our tertiary 
formations, the four groups which are recognized in Europe ; 
viz. the Newer Pliocene, the Older Pliocene, the Miocene, and 
the Eocene. 

Descrip, The tertiary rocks of the United States occupy 
nearly all the level parts of the southern states, east of the Alle- 
gany ran|3fe, and the southern part of the Mississippi valley. 
Hence we learn that that they are of vast extent. 

Descrip. The diluvium of the United States has already been 
sufficiently described in Section VI. 

Descrip, The most extensive alluvial deposit in this country 
is the Delta of the Mississippi. But similar deposits exist 
along the banks and at the mouths of all our larger streams. 

Descrip. Either in alluvial or diluvial formations, the follow- 
ing extinct species of the higher orders of mammalia have been 
found. Elephas primigenius occurs in Kentucky, South Caro- 
lina, New Jersey, Maryland, and Mississippi : mastodon maxi- 
mus in Kentucky, New York, Virginia, New Jersey, Connecti- 
cut, Mississippi, Ohio, Indiana and most of the western states : 
megatherium on Skiddaway Island, coast of Georgia ; megalonyx 
in Virginia and Kentucky; several species of ox in Kentucky, 
and Mississippi ; Cervus Americanus, or fossil elk, in Kentucky, 
and New Jersey : walrus in Virginia. Mr. Cooper estimates 
that the specimens already carried away from the Big Bone 
Lick in Kentucky, must have belonged to 100 skeletons of 
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Mastodon, 20 of the elephant, one of the megalonyx, 3 of the ox, 
and 2 of the elk. He is of opinion that these remains occur in 
diluvium. But at some other localities it is not improbable they 
may have become extinct still more recently. 

Descrip. No evidence of volcanic agency in this country east 
of the Rocky Mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri : 
but it probably comes from the Rocky Mountains. Thermal 
Springs alsooccur on the western borders of Massachusetts ; and 
near Seneca falls in New York : and Dr. Daubeny considers the 
mineral springs at Ballston and Saratoga as thermal ; likewise nu- 
merous and abundant springs west of the Blue Ridge in Virginia, 
whose maximum temperature is 102*' F : in Buncombe county. 
North Carolina, with a temperature of 125*' : in Arkansas near 
the rirer WashKa, 200 miles west of the Mississippi, where are 
not less than 70 springs with a temperature from 118^ to 148'^. 
Danheny^s Sketch of the Geology of North America, Oxford , 
1839. p. 69. 

Descrip. The mineral resources of the United States and 
the British Possessions have as yet only begun to be developed. 
The most important mineral in an economical point of view, is, 
coal ; but the extent of our coal fields and mining operations 
has already been given on pages 58 and 313. Details respect- 
ing the brine springs of the Western States and Upper Canada 
have likewise been presented on page 181. The Coast of Mas- 
sachusetts and Maine furnishes a vast supply of beautiful granite. 
Vast deposits of the most beautiful porphyry also occur in 
Massachusetts, and of serpentine and steatite in various states ; 
as well as inexhaustible supplies of primary and transition 
marbles. 

Descrip, An extensive deposit of gold exists in the primary 
range of strata extending fi'om the river Coosa in Alabama, to 
the Rappahannock river in Virginia. The metal occurs in 
veins of porous quartz, traversing gneiss, mica slate, and espec^ 
ially talcose slate. It is found also in the detrital deposit cov- 
ering the rocks. Silver has sometimes been found in connec- 
tion with the gold, as well as lead and copper. Even as far 
north as Somerset in Vermont, gold occurs in the quartz travers- 
ing talco-roicaceous slate : and probably it exists in the space in- 
termediate between this place and Virginia. The value of 
gold sent to th^'mint from the gold region of the United States 
from 1823 to 1836 was 4.377.500 dollars ; and it was thought 
that this was not more than one half of the actual product of 
the mines. 

Descrip, The principal deposit of lead in the United States 
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is in a liaiestone of the older secondary formations, in Missouri, 
Wisconsin, and Illinois. Much of it is obtained also, from the 
detritus above the rock. The Missouri mines produce annual- 
]y about 3.000.000 pounds : and the mines on the Upper Miss- 
issippi, about 8.000.000 pounds. Lead exists also abundantly 
in granite in Hampshire county in Massachusetts; as well as 
at Rossie in New York, and in smaller quantities at other local- 
ities. Copper is common in the new red sand stone, near its 
junction with the trap, in Massachusetts, Connecticut, New 
Jersey, Virginia, &.c. but it has not yet been extensively explor- 
ed. Zinc abounds in New Jersey in the form of red oxide and 
the Franklinite : also in the form of a sulphuret in Massachu- 
setts and Pennsylvania. But it has not been much explored. 
Tin has been found only in single crystals in Massachusetts, and 
recently in Connecticut : but there is reason to hope that it 
may be found in workable veins. 

Descrip, The deposits of specular iron ore in Missouri, are 
among the largest on the globe. They are connected with por- 
phyry, and are separated from the metaliferous transition lime- 
stone of that region, by a deposit of granite with trap dykes, six 
miles in width. Pilot Knob, which rises 500 feet, is partly, and 
the Iron Mountain, 300 feet high, and 2 miles in circumference.is 
entirely composed of this ore. Vast deposits of iron ore exist 
also in the northern parts of New York ; and sufficient for pres- 
ent use is found in almost every part of the country. The pri- 
mary regions of New England, New Jersey and Pennsylvania, 
abound especially in the magnetic oxide. In 1830 the quanti- 
ty of pig and bar iron manufactured in the United States was 
304.396 tons : which since that time, has been greatly increas- 
ed. In Nova Scotia are valuable mines of iron. 

Descrip, The gems or precious stones of this country have 
as yet excited but liftle attention, because the expence of cut- 
ting them here is so much greater than in Europe. Hence we 
cannot say, in. many cases, whether our localities will furnish 
elegant specimens or not It may be well, however, to mention 
the most important. It has been oflen stated that the diamond 
has been found in North Carolina. {Feuchtioanger'i Treatise 
an Gents, p. &7.) The blue sapphire occurs in Orange County, 
New York, in New Jersey, North Carolina, and Connecticut : 
the chrysoberyl at Haddam in Connecticut, and in Saratoga 
county. New York ; the spinel, especially the blue variety, 
in Orange pounty, New York ; as well as in Massachusetts : 
the topaz at Monroe, in Connecticut, in great quantity, but 
coarse : the beryl in a rariety of places ; but pure enough 
for jewelry, at Royaliton in Massachusetts, and at Iladdam in 
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Connecticat (at the former place a rare variety can hardly be 
distinguished from the chrysolite) : the zircon or hyacinth m 
the northern part of Vermont, in Canada, and North Carolina : 
the garnet in almost every part of the primary region of our coun- 
try ; and the pyrope especially, of great beauty, at Sturbridge, 
in Massachusetts: the cinnamon stone, a variety of garnet, at 
Carlisle in the same state : the green and red tourmaline, of great 
beauty, Kt Paris in Maine ; also at Chesterfield in Massachu- 
setts ; limpid quartz at Little Falls and Fairfield in New York, 
and a multitude of other localities: the smoky quartz in a vari- 
ety of places ; as at Canton, Connecticut, Williamsburgh, and 
Brook field, Massachusetts : the amethyst in Nova Scotia is very 
6ne, and at Bristol Rhode Island, and many other places : jas- 
per in a great variety of places : hornstone and chalcedony of 
various sorts, forming agates, in the trap ranges of the eastern 
states, along the shores of lake Superior, &c : chrysoprase at 
New Fane, Vermont: ioljte at Haddam, Connecticut, and 
Brimfield, Massachusetts : adularia of various colors in Brim- 
field, Southbridge, &c. Massachusetts : Labrador in Essex 
County, New York, hypersthene at the same place : kyanite 
at Chesterfield, Massachusetts : fluor spar in the northern part 
of New York ; Satin spar at Newbury, &c. precious serpen- 
tine at the same place: red oxide of titanium at Middletown, 
Connecticut, and Windsor and Barre, Massachusetts. 



General Inferences. 

Inf, 1. It appears that the axes of all the principal chains of 
mountains on the globe, are composed of primary rocks, strata 
ified and unstratified ; while the secondary series lie upon their 
flanks, at a lower level ; and the tertiary strata at a still lower 
level. 

Inf, 2. Hence a similar process of the elevation of conti- 
nents at successive epochs, has been going on in all parts of the 
world. 

Inf, 3. Hence there is every reason to believe that conti- 
nents once above the waters, have sank beneath them, as those 
now above the waters were gradually raised : for since the 
quantity of matter in the globe has always remained the same, 
its diameter cannot be enlarged permanently ; and therefore as 
one part rose, other parts must sink. 

Inf, 4. Hence the geology of any district, that embraces all 
the pi incipal groups of rocks, affords as a type of the geology 
of the globe. This is what- we should expect from the uniforax- 
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ity and eonstancy of nature's operations; and facts show that 
such is the case. 

Inf, 5. Hence we have no reason to expect, that new 
discoveries in unexplored parts of the earth, will essentially 
change the important principles of geology. Slight modifica- 
tions of those principles are all that can reasonably be expected 
from future researches. 
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A. 

AbyiiunU, geoiogj of, B(M. 

Actynolite Sbh'iBt, 61. 

Africa, geology of, 304. 

, eastern and oentral, geblo- 

^ BY of, 305. 

Agassiz, work on fishes, 282. His 
classification of fishes, 129. 

Age ofrpcks, how determined, 76. 

Agency of man, 203. 

Afiegany Mountains, 312. 

AlluTium defined,'30. 

AlpSyCurred strata .in, 34. 

Alumina in the earth, 40. 

AUuYiuih, its lithological charac- 
ter, 47. 

Alluvial Sandstone, conglomer- 
ate and Breccia, 50. 

Algae, fossil, 104. 

Aleutian islands, 217. 

Ammonites in the strata, 99. 

sketch of, 125. 

Amazon, delta of, 164. 

America, geology . of, 306. West- 
erly and Northerly parts of, their 
geology, 310. 

American geology, history of, 282. 
Geological society, 283. Geolo- 
gists, association of, 284. 

Amygdaloid described, 70. 

Andesite described, 69. 

Andesitic lava, 75. 

Animals in the rocks, 113. Ar- 
ticulated, 120. Ancient, many 
lost, 160. Adapted to the chang- 
ing condition of the earth, 262. 

AnimalculsB living,118. Fos8il,119. 

Antarctic Continent, geology of, 
304. 

Anaplotherium^ 141. 
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Anniflaria of Manifiield, sketch of, 

110. 
Anthraoite, where foond, 43. i 
Antigua, geology of, 309« 
Antimony ,U> uses and j^o8itio&,45^ 
Anticlinal ,ax1s^ 29. 
Aqueous agency early, 182, 
Apothemite, described,. 50. . 
Apteryx, 203. 

Ararat, an extinct rolcano^ 296., 
Arsienlc, its ores and situation.45 
Argillaceous stfata described, 60. 
Artesian wells, 179. 
Arabian writers on. geology, 277. 
Arabia, geology of, .297. . 
Asia, geology of, 296. 
Asteroids nebulous, 251. 
Asphaltum, 177. 
Astronomy, apparent discrepancy 

of, with revelation, 273. 
Augustine, his views of creation, 

271. 
Au vergne, extinct voleanos in, 225. 
Augite rock, 69. Porphyry ,69. And 

hornblende, their identity, 64. 
Axis folded, 33. 
Azores, 271. 
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Babbage on the propagation of 
heat, 240. 

Bailey, Prof, his discoveries res- 
pecting fossil animalcules, 119. 

Baltic, its shores risijug) 922. 

Bannat, geology of, 2^. 

Barbary, geolo^ of, 304. 

Basalt described, 70. Where 
found, 42. 

Bed of rock defined^ 11. 



321 



INOBZ. 



Beaamont £Hi de, on tke •leTation 

of mounUiii*, 153. 
Beaamont'f tlMorj of efeTation, 

241. 
Beachea how formed, 172. 
Becqaerel on metallic yeint, 257. 
Belgium, geologj of, 292. 
Belemnite, 126. 

Belemnoaepia, sketch of, 127* ^ 
Benevolence of the Deity jirofTed/ 

260. 
BiBmath, iti ores, A«. 45.. 
Bitumen, 50. 
Birds, fossil, 138. Their tracks, 

138, 147. 
Bone caverns, 139. Cavern in 

Vermont, 140. Vocklaird's de- 
scription o^ 139. 

Bones of the nllen angels, 277. 
Borings for water, 180=. 
Boston Harhor, sketch in, 171. 
Bowlders defined, 51. llieir size. 

189. 
Bowditch, his opinion! on fnCemal 

heat, 236. 
British America, 'geology of, 311. 
Btongniart, A. His classification of 

rocks, 35. On the tert!«rr strttltf. 

53. 
Bronn's works, 282. 
Brace, Dr. A., his joornal, 283. 
Buckland on metallic veins, 257. 
Buffon*s theory of the earth, 279. 
Burnet's do. 278. 
Bush, Prof., his exegesis of day, 

268. Views of creation, 270. 

C. 

Calami tes, sketch of, 107. 

Calcareous tufa, 47. 

Camel, fossil, 143. 

Cape May, worn away, 169. Eliza- 
beth, light houses on, 170. Ann, 
lighthouses on, 171. 

Carbon in the eaith,39. Its vegeta- 
ble origin, 44. 

Carribean islands, geology of, 309. 

Cataclysm of the Egyptians, 276. 

Catcott on the deluge, 279. 

Cephalaspis, sketch of, 130. 

Ceylon, geology of, 301. 

Chambered shells, 123. 

Changes improve the condition of 
the globe, 161. 

Chemistry of geology, 39. 

Chemical deposits, 54. 



Cbirotberiom, tracks of, 147. 

Chili, its coast elevated, 212. 

China, geology of, 302. 

Chlorite slate, 61 . 

Chlorine in the earth, 39. 

Cipolin, 74 

Claytftone, 68. 

Claystones in clay, 14. 

Claystone porphyry, 69. 

Clay W&ere found, 42. 

Clay slate system described, 59^ 60. 

Clsssificatton of rocks, 30. i^ritf* 
ciples of, 37. 

Cleavaee, 17. 

Cleaveland, Prof, his works, 283. 

Climate of Europe, whether chang- 
ed, 204. Of early times tropici3| 
102. Ultra tropical, 103. Grad- 
ually sunk, T04, 

Clinometer, 27. 

Clinkstone, 68. Porphyry, 69. 

Coal, its accumulation, 262. Basin, 
sketch of, 179. Measures, 57. 
In Great Britain, 58. la tho 
tTnited States, 58. Where fouml 
in the rocks, 43. Its mode of oc^ 
cd?rrence,43. Deposits of the IT.^ ' 
STutes, 313. 

Cobalt, iti ores and situation, 45. 

Coincidences between geology and 
riefealed religion, 264. 

Columnar structure, 26. 

Comets,- their nature, 251. 

Comparative anatomy, its use, 82. 

Compact feldspar, 68. 

Conifers and CycadeoB, 110. 

Coniferotfs plants in the rocks, 91. 

Conchology defined, 123. 

ConcFetioBs of Ifoti ore, 15. Con* 
cretions in utistratified rocks, 25. 
At Sandy Bay, Nahant and Wor- 
cester, 26. 

Connecticut river, its bed, 165. 
Valley, 167. 

Constancy of nature, 162. 

Consolidation of rocks, 209. In 
Pownal, Vermont. In West 
Stockbridge, Mass. Cornwall, 
Eng. and coast of Asia Minor, 
210. 

Continents elevated from the sea, 
152. At difierent times, 152. 

Conybeare's classification of rocktf, 
34. 

Coprolites, 132. 

Copper, its ores and situation, 46. 
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Coral reefs, 204, 47, 49. Their ex* 

tent, 206. 
Cornean, 69. 

Cosiguina, volcano of, 214. 
Cosmogony, hypotheses of, 276' 
Cotopaxi, lava thrown from, 216. 
Cotta, Dr., on fossil foot marks, 

149. 
Craters defined, 25. 
Ciater of elevation, 115. 
Creation, progressive, 265. Of six 

days, 270. Numerous centers 

of, 272. 
Cretaceous system, 55. Of Egypt 

and United States, 87. Rocks of 

U. States, 316. 
Crinoideans, 114. 
Croatia, geology of, 295. 
Crocodile, fossil, 137. 
Crustaceans, fossil, 121. 
Crust of the globe, derived, from 

animals, 161. Its thickness, 235 
Currents, oceanic, 173. Their ve- 
locity and effects, 174. 
Cattle fish, 127. 
Cuvier on the tertiary strata, 53. 

His works, 281. 
Cydas, sketch of, 112. 

D. 

Onyjt of creation, supposed . long 
peHo^s, 268. 

Dathe, 270. 

DAahieny, on thermal springs, 224. 

Dead Sea, its origin, 21 >, 225. 

Death before the fall, 273. Results 
from the constitution of animals, 
274. Penal in the case of man, 
274. Threatened only to man, 
275. 

Deer, fossil, 143. 

De La Becfae's classification of 
rooks, 34. 

Delos, 916. 

Delta of the Mississippi, Rhone, 
Nile, Amazon, Ganges, 4k^. 164. 

Deluge of Noah, 265, 267. The 

. supposedcausepfo)08t geological 
changes, 278. Opinions con- 
cerning, 282. 

Denmark, geology of, 291, 

Deposition of rocks, horizontal, 63. 

Detritus ol Rocks, 163. 

Diamond, where found, 44. 

Dillage rook, 74. 

Diluvium, or drift defined, 30,5lp 



Confolidated, 52. Its dispersion, 

183. In Nova Scotia, 183. In 
Massachusetts and New York, 

184. In the Western States, 185. 
In Europe and Soutii- America, 

186. Organic remains in, 189. 
Diluvial elevations and depressions 

187. Sketches of 188. Valleys 
on Holyoke,193. Sand and clay, 
52, 192. Grooves, 190. Agency, 
182. Action, first and second 
theories of, 194. Third do. 195. 
Fourth do. 197. Fifth do. 199. 
Sixth and seventh do. 201. 
Beneficial, 261. 

Dinotherium, sketch of, 146. 

Diorite, 69. 

Dioritic porphyry, 69. 

Dip of strata, 26. 

Dipodichnites, 151. 

Discrepancy, supposed between 

geology and revelation, 266. 
Division&l structures, 16. 
Divine character perfect, 260. 
Disturbances geological,beneficial, 

260. 
Dodo, 203. 
Dolerite, 69. 
Domite, described^ 70. 
Doederlin, bis views of creation, 

270. 
Downs or Dunes, 172. 
Drift wood, 208. 
Drongs on Jewell's Island, 169. 
Dykes, 21. Of trap in England, 22. 

In Cohasset, Mass, 22, In Ssh 

lem, Mass. 23. 
Dynamics of volcanos, 215. Table 

of, 316. Of geological causes, 

162. 

E. 
Earth, its form, 10. Specific gravi>- 
ty, 10. Earliest condition, 250. 

Future destruction of, 265. Ex- 
isted long before man, 266. 
Earthquakes, their proximate 

cause, 220. Their precursors, 

220. Their efiects, 221. ^ 

East Indian Archipelago, geology 

of, 302. 
Ecpyrosis of the Greeks, 276. 
I Egypt, geology. of, 304. 
Ehrenberg, his discoveries, 84, 118. 
Elevation of strata, 28. 
Elevations and subsidences, al« 

ternatioa oCvV^% ^ 
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£IeTation of continent!, 153. Of 
the coast of Chili, 223. Of con- 
tinents, the cause of, 239. ^ 

Elements in the earth, 39. 

Elephant in Arozen mud in Siberia, 
88 

Elk/lrish, 303. 

Encrinites, 114. 

England, geology of, 288. 

Encrinal limestone, 58. 

English channel, how formed, 169. 

Eocene strata, 53. 

Epoch, geological, defined, 51. Of 
elevation, 153. 

Eruptions of volcanos, their num- 
ber, 213. Phenomena of, 214. 

Etna, eruptions of, 214. Quantity 
of lava from, 216. 

Fuphotide, 74. 

Eurite, 63. 

P. 
Fallopio on organic remains, 277. 
Fault defined^ 38. 
Ferns, 105. 
Firestone, 61. 
FingaFs cave, 72. 
Fishes, 129. Their distribution in 

the straU, 129, 130. 
Fluorine in the earth, 39. 
Folded axis, 33. 
Fool's ^old, 46. 
Formation defined, 27. 
Fossil footmarks, 146. ' Synoptical 

view of i 151. 
Fossiliferous rocks, their extent, 

84. How deposited, 86. 
Fourier on beat, 236; 
Fox on metallic veins, 25, 67. 
Fracastoro on geology, 277. 
France, geology of, 292. 
Fucoides, 105, 
Fumerole, 2)2. 

G. 

Gabbro, 74. 

Gait, 56. 

Ganges, delta of, 165. 

Gaqgue of a vein, 255. 

Gay Head, strata of, 53. 

Gas springSi 182. 

Gaudaloqpe, human skeleton fVom, 

309, 
Gautimala, geology of, 310. 
G^ine and geates, 206. 
GemB in the V, j9U|ei, 319, 



Geology defined, 9. 

Geognosy, 9. 

Geogony,9. 

Geological maps and sections, 79. 

Geology and revealed religion ,264. 

Geographical Geology, 288. 

Germany, geology of, 295. 

Geysers of Iceland, &c. 210. 

Giant's Causway, 73. 

Globe, its early hypothetical state, 
250. 

Gneiss porphyritic, 63. 

Gold, where found, 44, 45. In the 
United States, 317. 

Goldfuss on petrifactions, 283. 

Gorge defined, 29. 

Granite where found, 42. 

Graphite, where found, 43. 

Graphite slate, 60. 

Graywacke system described, 59. 

Granite described, 66. 

Granite, porphyritic and graphic, 
66. Graphic of Goshen, 67. 

Greece, geology of, 296. 

Greenland, its shores sinking, 223. 

Greenstone, where found, 42. In 
Connecticut and Massachusetts, 
25. Described, 69. ColnMmar, 
71. And basalt, at Giant's caus- 
way and Titan's pier, 71. At Fin- 
gal s cave, 72. At Titan's piaKZE, 

73. Of Rowan County, Soath 
Carolina, 73. Of Hudson river, 

74. Columnar, their origin, 74, ■ 
Graystone lava, 75. 

Green sand, analysis of, 56. Use 
of, in Agriculture, -56. Descrip- 
tion of, 55. 

Gres bigarre, 57. 

Group defined, 29. 

Greystone lava, 75. 

Gypsum, where found, 42. Sought 
in the wrong place, 46. How de- 
posited, 211. 
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Halloy's classification of rocks, 35. 
Hebard, Rev. Story, specimens 

from, 297. 
Hensler, his exegesis of the days 

of creation, 268. 
Herculaneum hurried, 214. 
Hindostan, geology ol, 300. 
Hippopotamus, fossil, 143. 
History of geology, 276. 
Ilolland, ^lo^y of, 293. 



TMDBX; 



394 



Hookers theory of the earth, 278. 

Hornblende rock, 69. 

Hornblende slate, 61. Hornblende 
and Augite identical, 64. 

Hornitos, 215. 

Hornstone, 69. 

Hornstoue porphyry, 60. 

Horsley, his exegesis, 268. 

Horse fossil, 143. 

Hovey, Prof, on ihe W. Indies 309. 

Human remains, 95. Skeleton in 
rock, 309. 

H angary, geology of, 21)5. 

Hutchinson's theory of the earth, 
279. 

Hutton's theory of the earth, 280. 

Hutton and Lindleyon fossil plants, 
282. 

Hywna fossil, 143. 

Hydrate of iron, 50, 177. Of Man- 
ganese, 50, 177. 

Hydrogen in the earth, 39. 

Hypersthene rock, 69. 



I. 
Icebergs, 163. 

Ice preserved by lava, 218. 
Ichnolithology, 146. 
Ichnolites classified, 151. 
Ichthyosaurus, sketch of, 133. 
Igneous agency defined, 211. 
Iguanodon fossil, 135. 
Iguanodon, sketch of, 136. 
Inclination of strata, 26. 
India Airther, geology of, 300. 
Infusoria, their skeletons, 84. In 

Andover, <&c. 84. Living, 118. 

Fossil, 119. Sketch of, 120. 
Insects, fossil, 120. 
Instability the means of stability, 

263. 
Intensity of geological agencies, 

252. 
Internal heat of the earth, 231. 
Internal heat, objections to, 246. 
Interior of the earth, its state, 134, 

235. 
Ireland, geoWy of, 290. 
Iron in the Earth, 40. Its ores, 

44. Pyrites, 46. In U. States,318. 

Mountain in Missouri, 318. 
Islands volcanic, 217. Reeept, 216. 
Italian writers, 279. 
lUly, eology of^293. 
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Jameson, Prof, hit views of crea- 
tion, 268. 

Japan, geology of, 302. 

Joints defined, 16. Their origin, 18. 

JoruUo, volcanic, 213. 

Jupiter, perhaps covered by water, 
251. 



K. 
Keith, his theory of the days of 

creation, 268. 
Kirauea, sketch of, 219. 
Knapp, his exegesis of the history 

of Creation, 270. 



L. 

Lakes, bursting of, 168. 

Laraark's hypothesis of transmuta- 
tion of species, 91 . 

Lamination defined, 11. Its origin, 
13. 

Lamins» of Gneiss, 12. Of clay » 13. 

Landslips, 162. 

Lapland, geology of, 291. 

Lava, where found, 42. Described, 
65, 75. Trachytic, 75. Augitic 
or Basaltic, 75. Greystone, 75. 
Vitrous, 75. Molten, its eharac-^ 
ter, 217. 

Lead, its ores and situation^ 45. 

Leadin U.SUtes, 317. 

Lebanon Mt. geology of, 297. 

Leibnit2, his theory of the earth, 
278. 

Lepidodendron, sketch of, 107. 

Lester, on British shells, 278. 

Lias described, 57. 

Lignite where found, 43. 

Lily Encrinite, sketch of, 115. 

Lime in the e^rth, 40. 

Limestone, where found, 42. Pri- 
mary, 62. Dr. Emmon's views 
of, 58. Mountain, 58. 

Lindley, Prof, on fossil plants, 282. 
His experiments on the preserva- 
tion of plants, 112. 

London geological society, 281. 

Ludus Helmontii, 15. 

Lycopodiaceae, 106. 

Lyell's classification of rocks, 34. 
His theory of ancient climate, 
231. Of causes in action, 252. 
Objections to internal hsat, 24ti. 



325 



INDBZ. 



M. 

Macculloch** clagsification, 34. 

Maclurc'fl map of the U. States, 
7«J. 

Maraeaia in the earth, 40. 

Malpais, emption in, 215. 

Mammalia, 13c5. Foaailof U.SUtes. 
31 G. 

Mammoth, aketch of, 192. 

Man, when firit appeared on the 
earth, 95. The last animal cre- 
ated, 2G5. 

Man's geolog^ical agfenej, 203. 

Mani^nese, its use aoid pomtion, 
4.'>. 

Man teirs classification, 35. Maps 
geological, 79. Of various coun- 
tries, 79. 

Marl, where found, 42. AllaTial, 
175, 176. Its use and position, 
47, 4^i. 

Mastodon's teeth, sketch of, 142. 

Matrix of a vein, 255. 

Mattioli on organic remains, 277. 

Megnlonyx, 145. 

Megalosaurus, 134. 

Megatherium, sketch of, 145. 

Mebphyre, 69. 

Melville Island, geology of, 310. 

Mercati on organic remains, 257. 

Mercury, where found, 44, 45. 

Merrimack, its alluvial matter, 165. 

Metallic veins, character and re- 
pletion of 254. 

Metalloids in the earth, 39. 

Metals in the earth, 39. Where 
found, 44. The mode in which 
they occur, 44. Their distribu- 
tion, 261. 

Mexico, geology of, 310. 

Mica slete described, 62. 

Milton, his views of creation, 270. 

Mineral waters, 180. 

Minerals defined, 9. In the rooks, 
41. Useful, their situation in 
the rooks, 42. 

Mines, temperature of, 242. 

Miocene strata, 53. 

Mississippi, delta of, 164. 

Mitchell, Dr. S. L.,282. 

Mollusca living, 123. 

Monkey fossil, 143. 

Moon volcnnic, 251. 

Mosaic account of creation, 266. 

Mososaurtts,134. 



I MosKs, 105. 
I Mountain limestone, 53. 
I'Moantaios, 10. Of Enrope ele- 
vated at different epochs, 153^ 
{' M nrchison*s elassifieation, d&. 
Muschelkalk. 57. 



N. 
Nautilus, 124. 
Nebulie, their nature, 251. 
Meeker, on metallic veins, 857. 
Nevado de Toluea, volcanic, 2131 
New England^ its waste, 160. 
New Holland, geology of, SOSi. 
New Red Conglomerate, 57. 
Niagara falls, and river, 168. 
Nicaragua, volcam> in, 218.. 
Niger, delta of, 164. 
Nile, delu of, 164. 
Nitrogen in the earth, 3^. 
Norway, geology of, 291. 
Nova Scotia, its waste, 169. 
Nubia, geology of, 204. 
Numiiiulite sketch of, 127. 

O. 

Obsidian, 75. 

Ocean, its depth, 10. 

Ocean, its geological agency, 1619. 

Old Red Sandstone, 58. 

OmaliuR D'Halloy's classification 

of rocks, 35 
I Oolitic system described, 55. 

Ophicalce, 44. 

Ophiolitc, 74. 

Ophite, 74. 

Order of creation, table of, 93 

Organic remains described, 80. 
How preserved in the rocks, 82. 
Determined, 82. Classification 
of,83. Mostly marine ,83. Amount 
of in the rocks, 83. Height of, 
above the sea, 84. Distribution 
of, 85. In different formations, 

87. How far they identify strata, 

88. Tabular view of, 89, 90. Ver- 
tical range of, 86. Compared with 
living species, 101 . Number of 
species of, 101. Tropical in high 
latitudes, 102. Description of 
particular species of, 104. Not 
contemporaries of existing spe- 
cies, 156. 

Orinithichnites, 147. 
Orinoco, delta of, 164. 
Ornithoidichnites, sketch of, 148. 
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OrtlmeeTatitM sketch of, 135. 

Oryctoldej, 80. 

Osfteous Breecia, 52. 

Ox fossil, 143. 

Oxygen in the earth, 39, 40. 

P. 

Pachydermata, extinct, 141. 

PalcBoniscus, sketch of, 132. 

Palnontological classification, 36. 
Chart, 99. 

Paleontology, 80. 

Palffiotherium, sketch of, 141. 

Palestine, geology of, 297. 

Palisadoes^ 74. 

Pallas, on geology, 279. 

Papandayang, yoloano of, 215. 

Parker, Rev. Mr. his tour, &o. 222. 

Parrot, his objections to internal 
heat, 247. 

Patrick, Bishop, his views of crea- 
tion, 271. 

Pear encrinite, sketch of, 116. 

Peat, 47. How formed, 207. Anal- 
ysis of, 208. 

Pegmatite, 66. 

Pele's hair, or volcanic glass, 86. 

Pentacrinite Briarean, 115. 

Peperino, 76. 

Period geological defined, fit. 

Periods of geology, long, 159. 

Periods of organic being on the 
globe, 93, 147. 

Perkins. Rev. Jastin, specimens 
from, 299. 

Persia, geology of, 296. 

Petrifaction its nature, &o. 81. Re- 
cent, 82. 

Petroleum, 177. 

Petrosilex, 68. 

Phillips, Prof John, his classifica- 
tion of rocks, 36. Unstratified 
do. 65. 

Phonolite, 68. 

Physico-theological school, 279. 

Pic, volcano of, 275. 

Purgatories, of Newport, R.I. 171. 

Pitch lake in Trinidad, 177, 309. 

Pitchstone, 75. 

Plans of the Deity as shewn by 
geology, 263. 

Platers giant, 277. 

Platinum, where found, 44,45. 

Playfair's Illustrations, 280. 

Plesiosaurus, sketch of, 134. 

Pliocene strata, 88. 



Plot oa orgtftic remains, 278. 

Plutonic rocks, described, 66. 

Po, delta of, 164. Embankments 
on, 204. 

Poisson's objections to internal 
heat, 249. 

Poland, geology of, 296. 

Polynesia, do. do. 303. 

Poly par ia, agency of, 204. 

Polypi or Polyparia, sketch of, 116. 

Polypodichnites, 151. 

Pompeii buried, 214. 

Popocatapelt, 218. 

Porphyry described, 68. Pyroxenic, 
69. Where found, 42. 

Portugal, geology of, 293. 

Potassa in the earth, 40. 

Precious stones in diluvium, 53. 

Primary conglomerates, 54. Pla- 
tonic rocks, 77. Rocks defined, 
31. Described, 60. Their origin. 
242,244. 

Producta, sketch of, 138. 

Protogine, 163. 

Providence of Grod over the world, 
259. 

Provinces Botanical and Zoologi* 
cal, 85. 

Pterodactyle, sketch of, 137. 

Proxenic porphyry, 69. 

Pythagoras, his views of geology, 

ml 4 . 



Q. 

Quaqnaversal dip, 29. 
Quartz Rock, 61. 

R. 
Radiata, 113. 
Raindrops, impressions of, on stone 

150. 
Ray's theory of the £arth, 278. 
Recent Plutonic rocks, 77. 
Red River Raft, 208. 
Red Sandstone,57. Of Nova Scotia, 

N. England, New Jersey, &g« 

314. 
Reptiles, 132. 
Rhinoceros fossil, 143. 
Rhone, delta of, 164, 209. 
Rivers, their agency, 164. 
Robinson, Dr. on the cities of the 

plain, 226. 
Rock salt described, 50. In Persia, 

10. Where found, 42. 
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Rocking stones, 51. In Borre, 52. 
in Fall River, 59. 

Rocks, chemical composition of ,40. 
Defined, 9. How worn down, 
163. Priraarj, stratified, their 
origin, 242, 244. Usefiil, their 
situation in the earth, 421. 

Roman cement, 16. 

Rozet's classification, 35. 

Rnssia, geology of, 296. 

S. 

Saurians fossil, 132. 

Saoroidichnites, 14b. 

8aliferous system, described, 57. 

Salt Rock, its origin, 211. In Si- 
beria and Mexico, 211. Salt 
springs, 181. 

Sandwich islands, volcanic, 217. 

Saturn covered by a fluid, 251. 

Sanssure on the Alps, 279. 

Schenchzer on fossil fishes, 278. 

Schools of mines, 279. 

Sclavonia, geology of, 295. 

Scorpion fossil, 121. 

Scotland, geology of, 289. 

Seats, their number, 203. 

Seam, defined, 11. 

SeoAodary Plutonic Rocks, 77. 
Secondary rocks defined,. 31. 
Detferibed, 55. 

Section ideal of the earth's crust, 
19. 

Sections geological, 79. 

Sedgwick on metallic veins, 256. 

Sedgwick's classification of Rocks, 
36. 

Sedimentary rocks 54. 

Septaria, 15. 

Scrope's classification of unstrati- 
fied rocks, 65. 

Serpentine, 61 , 74. Where found, 
42. 

Seybert, Dr. 282. 

Shark fossil, 131. 

Shark's tooth, sketch of, 131. 

Shells, chambered, 123. Microsco- 
pic, 84. Their vertical range in 
the strata, 98. The number of 
living and fossil, 101. 

Siberia, geology of^ 300. 

Sienitic greenstone, 69. 

Sienite described, 67. Where 
found, 42. 

Sigillaria, sketch of, 108. 

Silica in the earth, 40. 



Skaptar Joknl, quantity of lava 
thrown from, 216. 

Skiddau, system of, described, 60. 

Slime pits near the dead sea, 226i. 

Smith, Dr. J. P. his views of crea- 
tion, 271. 

Smith, Wm. his labors, 280. 

Soda in the earth, 40r 

Soil, its composition, 47. 

Soils, a proof of divine goodness, 
260. 

Solfatara defined, 212. 

Somma, 215. 

South America, geology of, 307. 

Southern Africa, seology of, 305. 

Sowerby, on fossil shells, 282. 

Spain, geology of, 293. 

Species had once a wider range, 86. 
How limited, 86. Their distri- 
botion, &e. 204. 

Spiders, fossil, 121. 

Spirifer, sketch of, 128. 

Spirula, 125. 

Springs, gas, 182. Phenomena of, 
178. Salt in the United States, 
181. Their origin, 181. 

St Croix, geology of, 309. 

Stabiae buried, 214. 

Steatite of N. £ngland, 61. 

Steneoeanrus, 137. 

Stigmana, sketch of. 109. 

Strabo on geology, 277. 

StraU bent, 14. Elevation of, 28. 
how identified, 88. Overturned 
in N. England, 32. In the Alps, 
31. Their thickness, how known, 

63. In England, 83. Europe, 

64. Pennsylvania, 63. Tauris, 
64. 

Stratification, defined, 11. 
Stratified rocks, deposited from 

Water, 54. 
Strike of strata, 26. 
Stromboli, 18. 
Structures in rocks, how caused, 

18. 
Subsidence, on Columbia River, 

222. 
( Subteranean forests, 111, 223. 
Sulphate of Lime^ deposited from 

water, 50. 
Sulphur in the earth, 39. 
Sumbawa, eruption in, 214. 
San, its present supposed state, 

251. 
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Siliceotu marl, 47, 49. Sinter, 47, 

49. 
Silliman, Prof, hra journal, 283. 
Silurian system described, 58. 
Silrer, where found, 44, 45. 
Simple substances in the earth, 39. 
Sinaite, 68. 
Sinter siliceous, 176. 
Siyatberium, 143. 
Superposition of fossiliferous rocks, 

31. Primary, 31. 
Survey, geological, of Arkansas, 

285. Of Connecticut, 286. Of 

Delaware, 286. Of England, 288. 

Of France, 288. Of Georgia, 286. 

Of Indiana, 286. Of Iowa, 287. 

Of Kentucky, 287. Of Maine, 

285. Of Massachusetts, 284. Of 
Maryland, 285. Of Michigan, 

286. Of New Jersey, 286. Of 
New York, 285. Of North Caro- 
lina, 284. Of Ohio, 285. Of 
Pennsylvania, 286. Of Rhode 
Island, 286. Of Tennessee, 284. 
Of the Erie Canal, 287. Of V ir- 
ginia, 285. 

Sweden, geology of, 291. Its shores 
rising, 222. 

Switzerland, geology of, 294. 

Synclinal axis, 29. 

Syria, geology of, 297. 

System of uings the same in all 
ages, 259. Present, had a begin- 
ning, 258. 

Systems of elevation, 153. Of or- 
ganic beings on the globe, 259. 



T. 

Tacosa, volcanic, 213. 

Talcose slate, 61. 

Tartary, geology of, 299. 

Taylor, Jeremy, his views of death, 
275. 

Teleosauri, 137. 

Temperature of the globe from ex- 
ternal sources, 230. Internal, do. 
231. 
. Terebratnia, sketch of, 1 28. 

Terrain defined, 28. 

Tertiary strata, defined, 30. Des- 
cribed, 53, 54« Plutonic rocks, 
77. 

Tetrapodichnites, 151. 

Thermal Springs, 224, 233. 



Thibet, geology of, 300. 

Tides, their geological effect, 172* 

Tf me,geologica] and chronological, 

96. 
Titan*s pier, 71. 
Toadstone,71. 

Toads preserved in rocks, 81. 
Tortoises fossil, 137. Tracks of, 

147. 
Totten, his experiments on the ex* 

pansion of rocks, 240. 
Trachyte described, 69. 
Trachytic lava, 75. Porphyry, 70. 
Tracks human, 149. Of animals, 

J 46. How preserved, 150. 
Transition rocks, 31. 
Transylvania, geology of, 295. 
Trap rocks, 69. West of Rocky 

MounUins^ 74. Tuff, 75. 
Travertin, 47, 49. How formed, 175] 
Tree ferns, 106. 
Tribolites fossil, 121. Sketch of, 

122. 
Trinidad, pitch lake in, 177. 
Truttenburg,the deepest mine,205. 
Tufaceous conglomerate, 76. 
Tuff, 75. Volcanic, 75. 
Turkey, in Asia, geology of, 296. 

In £urope, 296. 

U. 

Ulodendron, sketch of, 108. 

Uniformity of nature, 188, 162. 

United States, geology of, 31 L 

Unstratified rocks, 11. Lithologi- 
cal character of, 64. Of igneous 
origin, 227. Their fusibility, 76. 
Their mode of occuring, 20. 

V. 

Valley of the Mississippi, geology 
of, 313. 

Valleys, how formed, 29, 260. Of 
denudation, 165. Of elevation, 
168. Of subsidence, 168. Of the 
Connecticut, 167, Terraced,145. 
Transverse and longitudinal ,166. 

Variegated marl described, 57. 

Vegetable life when begun, 91. 
Remains, 91. In the newer 
strata, 92. In the Carbonifer- 
ous strata, 92. 

Veins defined, 20. In Beverly ,23. 
In Chester, 26. In Cohasset, 
23. In Colrain, 25. In Conway, 
25. In Cornwall, £n^. 25. Ltk 
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Salem, 24. In Westhainpton,22. 
Metallic, their width, 255. How 
filled, 256, In Cornwall, sketch 
of, 256. Most productive near 
unstratified rocks, 255. Rooks 
traversed by, 255. Of injection, 
21. Of Segregation, 20. Their 
relative age, 22. 

Villarica, 218. 

Volcanic action, defined, 217. Hy- 
pothesis of, 237. Agency bene 
iicial,262. Breccia, 75. Craters 
ancient, 226- Glass of Sand- 
wich Islands, 76. Power, its 
seat, 220. Tuff, 75. Volcanos 
central, 212. Extinct and active, 
212, 224. In lines, 212. Products 
of, 76. Submarine and asrial, 
212. Their number, 218. 

Von fiuch on Craters, 215. 

W. 

Wacke described, 71. 



Ward, Dr. on fossil footmarks, 

148. 

Water, its distribution, 261. 

Watt's experiments on Basal t, 74. 

Waves their effect, 16^. 

Wells artesian, 179. 

Werner's Theory of the earth, 280. 
Of veins, 256. 

West Africa, geology of, 305. In- 
dies, 309. 

Whitsunday Isle, sketch of, 205. 

Woodward's theory of the earth, 
279. 

World, had a beginning, 259. Its 
supposed eternity, 2^. 



Z. 

Zechstein, 57. 

Zinc, its ores and situation, 45. 
Zoophytes, their vertical range in 
the strata, 97. 
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